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EdltORIAL, 

SOIL ORGANIC MATTER AND GREEN 

MANURING 

J_ 

I N a recent number of the Journal of Hue American Society of 
Agronomy there is published a series of ehticles on soil 
organic matter and- green manuring problems by some of 
the leading agronomists and soil workers in America.. 
The papers relate primarily to the soil and agricultural conditions 
of that country, but, as some of the points raised in them have 
a bearing on Ceylon agriculture, they may be briefly referred to. 

General observation and the limited work done in Ceylon on 
the relation between soil type and organic matter content appears, 
to confirm Maibut’s finding that, in general, the profiles of semi- 
tropical and tropical soil types show a very rapid rate of decrease 
of organic matter with depth. I-n his |?:iper on organic matter 
problems in humid soils, Lyon Yliscusses the question of the 
occasional loss of soil nitrogen which is not traceable to removal 
in crops or drainage water. He concludes that soil tillage, 
absence of plant growth, high nitrogen content of a soil and the 
application of large quantities of nitrogenous manures favour a 
large loss of this kind. Some of these conclusions have an 
important relation to agricultural practice in the wet regions of 
Ceylon. On tea estates heavy'^ nitrogenous manuring is not 
uncommon, and it may well be asked how much of the nitrogen 
added in manures is utilised by the crop and horv much lost 
through denitrification and leaching. The results of investiga¬ 
tions at Peradeniya indicate that losses through leaching are small 
on cropped land. Denitrification losses would appear to be more 
serious and deserve investigation, Ly®n enquires whether, in 
view of losses through denitrification, mineral fertilisers should 
not be substituted for part of the organic manures used and 
whether other important uses cannot be found for green manure 
legume crops. In contrast to cultivated soils, uncultivated land 
under grass or weeds lo.ses little or no organic matter and 
nitrogen. In fact, such land tends to become richer in these 
eppstituents. There may here be a reason why grass-covered 
coconut lands continue to give good yields bf nuts in Ceylon. 
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Russell’s contribution on organic matter problems under dry¬ 
land conditions raises issues of some importance in Ceylon. The 
depletion of soil organic matter which is rapid,under these condi¬ 
tions has produced profound detrimental changes in soil structure 
and tilth, and soil drifting has become a serious problem. Under 
Ceylon dry-ldnd conditions the latter phenomenon would pro¬ 
bably give place to soil erosion, as heavy rains generally follow 
long periods of drought. In the arid regions of America where 
the rainfall is often less than twenty inches per annum, the grow¬ 
ing of a green manure crop for irhprovement of the organic 
matter of the soil is not'lecommendc^d. Fortunately for CeVlon 
it has no area with rainfall conditions comparable to those of the 
dry lands referred to. Most parts of the island could adopt with 
advantage a judicious system of green manuring as a partial 
solution to the organic matter problem of these districts. The 
application of straw along with artificial nitrogenous manures 
would also b^helpful. 

Burgess’ paper deals with organic matter problems in rela¬ 
tion to irrigated soils. The irrigation conditions of arid regions 
are similar to those obtaining in the Jaffna Peninsula. Although 
the organic matter and nitrogen contents of arid soils are very 
low, citrus plantations in these regions give remarkably good 
yields. Manuring with cattle manure has btien found advan¬ 
tageous, but green manuring has not always proved as economical 
'as the'former. The value of cattle manure for irrigated crops is 
appreciated i'n Jaffna. Greaves supplies experimental evidence 
to show that losses of organic matter in arid districts are not much 
greater from heavily-manured'than from lightly-manured soils. 
Waksman discus.ses the principles underlying the decomposition 
of green manureS in the soil. The advantages of using young 
plant material in preference to mature plants and plant residues 
for green manuring are clearly indicated. The last paper is one 
by Pieters and McKee on green manuring and its application to 
agricultural practices. Of particular interest to Ceylon agricul¬ 
turists is the knowledge of the use of green manures on citrus 
plantations in arid and semi-arid regions where they have been 
found to be the most economical means of insuring the production 
of finst-quality fruit in quantity. The advantages of using per¬ 
manent leguminous crops in orchards in the more humid areas 
have also been clearly demonstrated. The establishment of 
covers on rubber and coconut estates in the wetter regions of 
Ceylon may be expected to give equally benefirihl results. 

The present number of this journal contains two articles on 
green manures and cover crops i'n relation to the moisture, nitro¬ 
gen and carbon contents and the reaction of the soils on which 
they are grown. It has been demonstrated that with suitable 
treatment green manures and cover crops can maintain and even 
increase the soil moisture content during pentads of drought. It 
afeo appears that the. carbon and nitrogen content of soils can be 
maintained at least at the original level. 
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ORIC3INAL ARTICLES. 

THE EFFECTS OF GREEN MANURES AND 
COVER CROPS ON SOIL MOISTURE. 

A. W. R. JOACHIM, B. SC:, A.I.C., DIP. AGR. (CfNTAB.), 
AGRICULTURAL CHEMIST. 

DEPARTMENT OF AGRICULTURE, CEYLON. 

AND 

S. KANDIAH, DIP^ AGR. (poONa), 

ASST. IN Agricultural chemistry. 

I N The Tropical A[;ricuUurisl of November 1927* rfhe results 
of preliminary work at.Peracleniya on the relation of cover 
crops to soil moisture were published. It was shown that 
more moisture was lost from soils under cover crops in the 
early stages of their growth than from the control during a period 
of drought and that the reverse was the case when the cover crop 
had been established for a lo'nger period. The question of the 
moisture content of soils in relation to the growth of green 
manures is one of .some importance not only in dry districts’but 
also in those areas which, though having adequate annual precipi¬ 
tation, experience droughts of long duration at certain times of the 
year. It has been urged that duriixg periods of long-continued 
drought green manure crops woultl compete with the main crop 
for the soil moisture to such an extent that the latter would often 
be adversely affected. In order to ascertain to w'hat extent green 
manures affected the moisture content of soils during drought, a 
.series of moisture determinations was carried out on .soil samples 
taken at different depths up to 24 inches from the permanent green 
manure and cover crop plots on the Experiment Station, Pera- 
deniya, at the end of periods of drought during 1928 and 1929. 
The cover crop plots were included in the series in order to 
ascertain whether the previous results obtained w'ould be con¬ 
firmed. The soil samples were taken from adjacent plots in each 
of three blocks of plots treated as follows; 

A. Tree plots .— (1) Gliricidia unlopped, (2) Gliricidia 
periodically lopped and loppings envelope-forked into the soil, 
(3) dadap unlopped, (4) dadap lopped as in (2), (5) control. 

B. Bush plots .— (1) Tephrosia Candida (hoq-al unlopped, 
(2) Tephrosia Candida lopped as in A f2), (3) Grotalaria. anagy- 
rotdes unlopped, (4) Croialaria anagyroides as in A (2), (5) 
control. 

* Cover crops at Peradeniya in relation to soil moisture. Vol. LXIX, No. 5, Nov. 

1987. 
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C. Cover plots ,— (1) Dolichos hosei (Vigna) uncut, (2) 
Dolichos hosei cut as in A (2), (3) Indigofera endecaphylla uncut, 
(4) Indigofera endecaphylla cut as in A (2), (5) control. 

The green manures and cover crops were planted out in late 
1926 and early 1927. The green- manures in two of the plots in 
each block were lopped or cut and the green material was enve¬ 
lope-forked into the soil. The green manures in two other plots 
were uncut and one plot was left, as control. It was therefore 
possible to ascertain how green manures treated differently.would 
affect the .moisture content of soils. The bush green manure plots 
.were the first to be lopped with the result that the Crotalaria plots 
had to be replanted in June 1928. No weights of loppings or 
green material were recorded. In the case of the loppings from 
the tree green •manure plots, bo*th leaves and stems were forked 
in. The results orf the tree, bush and creeper plots will be sepa¬ 
rately coniidfered as the different blocks of ‘plots were at some 
distance apart. 

THE TREE PLOTS. 

These plots 'were first sampled on the 24th February 1928 at 
the end of a drought of thirteen days. The trees had just begun 
to grow vigorously. The last forking of the lopped plots was 
done on the 17th December 1927 and, as the rainf.all in the 
interval was 12‘55 inches, the loppings were well decompo.sed. 
The results of moisture determinations are shown in table 1 below. 

Table I. 


Per cent, moisture on soil at 100®C. 


Depth. 

Glirjcidia 

unlopped. 

Gliricidia 

lopped. 

Dadnp 

unlopped. 

Dad''p 

lopped. 

Control. 

0- 3 in. 

9-43 

10*30 

10 34 

11-53 

9-43 

3- 6 in. 

13-24 

16*43 

14 C9 

16 8 -3 

15-40 

6-12 in. 

15-81 

23*91 

20*04 

21-11 

20--34 

12-24 in. 

23-16 

28*42 

24 41 

23-36 

23-93 


An examination of thi's table shows that (1) the plots in 
which the loppings had been buried had more moisture than the 
corresponding unlooped plots and the control at nearly all depths 
up to 24 inches. The Gliricidia lopped plots had more moisture 
than the corresponding dadap plots due doubtless to the much 
larger yields of green material supplied by the Gliricidia trees. 
As the green material was comparatively young and had sufficient 
time to decompose iti the soil, the humus formed increased the 
moisture-retaining capacity of the soil; (2) the unlopped plots 
had, as was to be expected, less moisture than the control at 
nearly all depths. This is due to transpiration from the leaves 
and the trees not being old enough to exert any shade effect on 
the soil. The Gliricidia unlopped plot had less moisture at all 
depths than the corresponding dadap plot owing to the much 
better growth of the Gliricidia trees. 
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These plots were sampled agai’n on the 22nd January 1929 
and a further sampling was taken a month later. The plots were 
last lopped on the 28th December 1928 and the incidence of rain¬ 
fall in the interval was as follows: -85 inches on January 7th, 
•09 inches on the 29th, and -ll inches on February 7th 1929. 
It will be noted that the drought was fairly severe, only 1‘05 
inches having fallen during two months. The loppings in the 
forked plots had, as a consequence, remained undecomposed 
leaving large air spaces in the soil. The Gliricidia tn the un¬ 
lopped plots had made very good growth and afforded heavy 
shade. The dadaps on the other hand had not done well and the 
shade they afforded was poor. The results of the •soil moisture 
determinations are shown in table II below. 


Table II. . * 

Per ce.nt. moisture on soil at lOO^C. . , 
Date of sampling 22 -i- 2 g. 


Depth. 

Gliricidia 
unlopped. 

Gliricidia 

lopped. 

Dadnp 

un!op*ped. 

Dad.^.p 
• lopped. 

Control. 

0- 3 in. 

12-64 

13-03 

12-33 

13 33 

1140 

3- 6 in. 

21-07 

19 85 

19 20 

22-73 

18 68 

6-12 in. 

26-34 

24-79* 

22-90 

24-71 

23 67 

12-24 in. 

29-82 

25-99 

27-05 

26-75 

25 73 • 

• 


Date of sampling 22-2-2g. 


0- 3 in. 

9-52 

8-03 

.8-60 • 

8-27 

9 51 

3- 6 in. 

14-06 

12-96 

12-63 

12-36 

13-18 

6-12 in. 

18-06 

16-87 

17 07 

18-18 

18 37 

2-24 in. 

20-85 

21 96 

22 48 

21’76 

22 12 


On examining these figures it will be noted that (1) in the 
early stages of the drought the .soils from the green manure plots 
had more moisture than the control at all depths in spite of trans¬ 
piration from the leaves. At the end of a longer period of 
drought, however, the moisture contents of the soils of the green 
manure plots were slightly less than those of the control; (2) the 
Gliricidia unlopped plot had more moisture than the lopped plots 
at nearly all depths, both during the early and the later stages of 
the drought. This would seem to indicate that the shade effect of 
the Gliricidias more than compensated for the loss of moisture by 
transpiration through the leaves and that the turning in of green 
material, as in this ca.se, when rainfall conditions were unsatis¬ 
factory for its decomposition in the soil, would result in greater 
losses of soil moisture than if the green material was left un¬ 
lopped, especially if the amounts of green loppings are large; 
(3) the unlopped dadap plot had less moisture at all but the 
lowest depth than the corresponding lopped plot at the beginning 
of the drought owing probably to the transpiration from the 
leaves being greater than the shade effect of the dadap trees. 
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Moisture determinations were also made on soil samples 
taken from a set of tree plots not identical with the former on the 
14th Septemher 1929 after a period of fairly severe drought. 
Only 1'6 inches of rain had fallen during August in slight showers 
and a total of '56 inches on the lst.and 5th of September. In this 
set of plots the growth of dadaps in the unlopped plot was parti¬ 
cularly good. The loppings were last forked into the soil on June 
1st 1929 and had been fairly well decomposed at the time of soil 
sampling.* Table III shows the results obtained. 

Table III. 

, Per cent, moisture on soil at 100®C. 


Depth. 

Gliricidiu 
unlopr )♦*<!. 

GUrkidia ^ 
lopped. 

Dad.'ip 

uiiiopped* 

Dadap 

lopped. 

Control. 

0- 3 in. 

^03 

6-72 

. 10-12 

6-91 

8-61 

3- 6 in. 

1114 

10-00 

13-82 

10-01 

13-63 

6-12 in. 

14-31 

14 15 

‘ 17-45 

14-03 

18-92 

12-24 in. 

16-35 

17-52 

20-28 

16 70 

21-83 


In this instance it will be seen that (1) the unlopped plots 
had more moisture than the lopped plots at nearly all depths. 
This is doubtless due to the shade eft'cct of the trees. I'he dadap 
unlopped plot had more soil moisture than the corresponding 
Glincidia plot. The moisture contents of soils under green 
manure trees is obviously dependent on the growths of the latter 
in these soils and is the resultant of losses due to transpiration 
from the leaves on the one Ijantl and the gains due to the shade 
afforded by them on the other; (2) the control plot had the 
greatest amounts of moisture. This conlirms what was found 
previously, viz., that, if the drought is severe and prolonged, 
there may be greater losses of moisture from the green manure 
tree plots than from the control. The trees in all the lopped plots 
had at the time of sampling grown to some extent but their shade 
effect was inappreciable. Losses of moisture by transpiration 
from these plots were therefore apparently great” and evidently 
more than counterbalanced the amounts of moisture retained by 
the decomposed organic matter. 

On the whole the above results would appear to point to the 
importance of (1) the shade effect of tree green manures in pre¬ 
venting losses of moisture directly from the soil through evapora¬ 
tion, (2) the time of burying green manures. Previous work 
carried out indicates that green manures should be turned into 
the soil during showery weather towards the end of the rains 
when an alternation of rain and dry weather occurs. This will 
encourage speedy decomposition of the green manures in the 
soil and hence the retention of moisture by the humus formed as 
a result of the decomposition. Green manures should not be 
turned into the soil.either before or during a drought, as owing to 
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the dry weather the materials remain undecomposed leaving large 
air spaces that caflse loss of moisture by evaporation. If for 
some reason green manures cannot be turned into the soil, 
especially in dry districts, at the proper time they .sihould be cut 
and left as a mulch on the surface of the soil, unless of course the 
shade afforded is so great that it would counterbalance any losses 
of moisture by transpiration and direct evaporation from the soil. 
In any case this would apply only to tree green manures. 

THE BUSH PLOTS. 

Moisture determinations were made on soil samples taken 
from these plots on the 22nd June 1929. The results are shown 
in table IV below. The green manure bushes in tihe lopped plots 
were last turned into the soiU on tihe 1st Janizary 1929, so that 
there was sufficient time for the loppings' (o decompose iff the 
soil before the soil sampling was made. • • 

Table IV. 


Per cent, moisture on ^oil at 1D0®C. 


IK'plh. 

Gliricidiu 

unlof)p»‘(l. 

Gliricidia 

lopjx'd. 

Bog a 
unloppod. 

Boga 

lopped. 

Control. 

0- 3 in. 

11-53 

13-53 

13 65 

11-53 

. 9-77 

3- 6 in. 

15*17 

19-84 

18'21 

18-07 

17-35 

6-12 in. 

17-82 

23-31 

18'82 

23-10 

.22-51 

12-24 in. 

25-63 

24 15 . 

22'fi4 . 

26-73 

■ 27-52 


It will be seen that in the case of the bu^h green manure 
plants (1) the moisture contents of the soils from the unlopped 
plots are less at most depths than those from the lopped and con¬ 
trol plots. This is to be expected owing to the fact that the 
shade effect of the.se bushes on the soil is not appreciable, while 
the losses of moisture by transpiration from the crop are great; 
(2) the forking in of these green manures has had beneficial 
results, the amounts of moisture contained in the soil samples 
from the lopped plots being greater than those from tihe controls. 
Previous soil moisture determinations generally confirm the 
above conclusions. 

THE COVER PLOTS. 

Soil moisture determinations of samples from these plots 
were made on the 27th February 1928 and again on the 24th 
January and 24th February 1929. The covers were cut and 
envelope-forked into the soil in the lopped plots on the 28th 
November 1927 and again on the 13th October 1928. There 
was therefore a sufficient interval between the turning in of the 
covers and the soil sampling to permit of the re-growth of the 
covers. The results are shown in tables V. and VI below. 
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Table V. 

Pdr cent, moisture on soil at 100®C. 


Depth. 

Lndi^ofera 

ur.cut. 

Jndigofera 

cut. 

\"igna 

uncut. 

Vigna 

cut. 

Control. 

0- 3 in. 

• 12-76 


MBM 

n-85 

9-16 

3- 6 in. 

14-15 

■ 1^1 


16-02 

11-00 

6-12 in. 

. 17-93 


• 15-90 

18-56 

23-26 

12-24 in. 

20-78 

■IgH 

1921 

24-42 

24-.96 



Table VI. 





Per cent. 

moisture on 

soil at lOO^C. 



• Date 

of samplhig. 

22-I-2g^ 



Depth. 

l^uiigofera 

Ul-QUl. 

Indigojcra 

cut. ♦ 

• Vigna 
tinc-ut. 

. Vigna 
cut. 

Control. 

0- 3 in. 

12-85 

9-00 

1414 

9 50 

9-07 

3- 6 in. 

16-36. 

14-59 

14-46 

16-69 

14-07 

6-12 in. 

19-19 

19 93 

18 60 

13-34 

19-22 

12-24 in. 

21-32 

23 23 

19 33 

21-74 

21-92 


Date of sampling. 




0- 3 in! 

11-88 

* 9-34 


mBM 

■H 

3- 6 in. 

13-46 

13 01 

wmM 

wSmM 

mSM 

6-12 in: 

17-27 

17-08 

16-98 

16 01 

14-38 

12-24 ;n. 

21-83 

20-74 

18-82 

16 74 

19-33 


It will be seen that though there are greater amounts of 
moisture present in the upper 3 inches of soil in the uncut than in 
the cut plots, the amounts of moisture in soil samples from the 
lower depths are greater in the cut plots, especially in the early 
stages of the drought. As the drought advances the uncut plots 
appear to retain more moisture at most depths than the cut plots. 
This is probably because the transpiration from the renewed 
growth of covers on the cut plots and the lack of a surface mulch 
of decayed organic matter more than counterbalance any bene¬ 
ficial effects on soil moisture of the comparatively small amounts 
of organic matter turned into the soil; (2) both cut and uncut 
cover plots have rnore moisture than the control at nearly all 
depths. This confirms what has been previously found. 

GENERAL DISCUSSION AND SUMMARY. 

The results of moisture determinations on soil samples taken 
at various depths up to 24 inches from tree, bush green manure 
and cover plots at the Experiment Station, Peradeniya, during 
1928 and 1929, confirm generally the results of previous work on 
the relation of cover crops to soil moisture at Peradeniya. In 
addition, the following conclusions appear to be indicated: 
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In the case of the tree green manure plots the shade afforded 
by the trees, where good, appears to be an important factor in 
counterbalancing losses of soil moisture by transpiration from the 
leaves and from the soil surface by evaporation provided the 
drought is not too prolonged. ■. The correct time of burying green 
manures is another factor of importance. Green manure loppings 
should not be turned into the soil pri'or to or during dry weather 
or great soil moisture losses will result. The most suitable time 
for lopping the trees and forking in the loppings appears to be 
towards the end of the rains when dry weather is likely to alter¬ 
nate with wet. This will result in speedy decomposition of the 
loppings in the soil and will increase the moisture-retaining 
capacity of the latter. In dry districts it is preferable to lop the 
green manure trees before the drought sets in a.nd to leave the 
loppi'ngs as a mulch on the surface. ’, 

Bush green manures should be treated similaVly to the tree 
green manures, but they should not be allowed to continue to 
grow during periods of drought, as the shade they afford does not 
appear to counteract losses of soil moisture through transpiration. 

Soils planted to cover crops either periodically cut or left 
uncut are found to retain more moisture than bare soils at nearly 
all depths up to 24 inches. The results of previous work on the 
subject are therefore confirmed. 
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THE RELATION OF GREEN MA NURES TO 
THE CARBON AND NITROGEN CONTENTS 
AND REACTION OF SOILS AT PERADENIYA. 

A. W. R. JOACHIM, B.SC., A.I.C., DIP. AGR. (CANTAB.). 
• AGRICULTURAL- CHEMIST, 

DEPARTMENT OF AGRICULTURE, CEYLON. 

AND 

b. G. pAndittesekere, Dip. AGR. (Poona), 

ASST. IN AGRICULTURAL CHEMISTRY. 

I T is well-know |i that most cultivated soils in Ceylon generally 
lack ©rganic matter and that ho accuimriation of tihe latter 
ordinarily takes place in these.soils if they are well drained 
and aerated. 'I'his is, as Mohr (1) found in Java, because 
the moisture and ‘ ‘tempera’ture conditions over the greater part of 
the island are more favourable for the organic matter decompos¬ 
ing micro-organisms of the soil than for the higher plants whidh 
furnish the materials for these organi’sms to act uj)on, the organic 
matte.r being destroyed as rapidly as it is sup()lied by plants.” 
Where the average temperature is below 25‘'"C, as in certain 
districts up-country, the conditions are more favourable for the 
accurhulation of organic matte.r than for its decomposition. 

In temperate regions where green manuring has been prac¬ 
tised large gain# in soil organic matter and nitrogen have been 
recorded. Green manuring has been done on tea estates in 
Ceylon for many years, and, while published data are not avail¬ 
able to indicate how the organic matter and the nitrogen contents 
of the green-manured soils have been affected thereby, there is 
little doubt that there has been an ap{)reciable increase of these 
constituents in, many of the soils so treated. Eden (2) has 
shown that .soil from an estate which had liberal green manuring 
had a higher organic matter content than one which was not so 
liberally green manured. 'Fhe results of nitrogen and loss on 
ignition determinations on soil samples from the tea plots under 
Indigofera endecaphylla at the Experiment Station, Peradeniya 
taken after a two years’ growth of the cover showed, on the 
whole, a slight gain i'n nitrogen and an appreciable increase in the 
percentage loss on ignition (3). The latter may be considered 
to give an approximate value for the organic matter content of 
the soils. Nitrogen and organic matter determinations on 
samples taken in November 1929 after a further period of two 
years’ growth show that there are, on the average, further 
marked increases in the nitrogen and organic matter contents of 
these soils. With a view, however, to securing definite data as to 
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tihe effects of green manures, differently treated, on the carbon 
and nitrogen contents of soils at Peradeniya, determinations were 
made of these constituents on soil samples taken.during 1928 and 
1929 from the permanent green manure plots at the Experiment 
Station, Peradeniya. 'Phe hydrogen ion values of these soils 
were also determined in order to ascertain the effects of green 
manures on soil reaction. These determinations will be carried 
out regularly in the future. 

The plots at- the Experiment Station comprise the follow¬ 
ing: ^ . ’ . • . . . . 

A. Tree plots. — (1) Gliricidia unlopped, (2) GliriciMa 
periodically lopped and loppings envelope-forkfed into the soil, 

(3) dadap unlopped, (4) dadap lopped as in (2), (5) control. 

If. Bush ploi'S .— (1) Tephrosia Candida (boga) unlopped, 

{2)Tephrosia Candida lopped as in A (2),’(3) Crotalaria anagy- 
roides unlopped", (4) Crotalaria anagyroides as ih A (2), (5) 
control. 

C. Cover plots. — (1) Dolicho.s hosei (V^igna) uncut, (2) 
Dolichos hosei cut as in A (2), (3) Indigojera ertdecaphylla uncut, 

(4) Indigojera endecaphylla cut as in A (2), (o) control. 

d'he green manures and cover plants were planted out in 
late 1926 and early 1927. The control plots were clean weeded. 
No record of the weights of green material were kept.’ Thd 
green manures in the lopped plots were })eriodically lopped or 
cut and forked into the soil. I'he ‘Crotalaria plots were replanted 
in 1928. .Soil samples were taken as follows: three soil borings 
were taken from each plot, these were mixed together and a 
.sample of the mixeil .soil retained for analysis. * These soils were 
sampled in March 1928 and 1929. 

METHODS OF ANALYSIS. 

All analytical determinations were made on soil sieved 
through a 3 mm. sieve and ground dowm to pass a 1 mm. sieve. 
Carbon was determined by the wet combustion method adopted 
by Watts (4) and' recently recommended by Hardy (5). The 
results obtained by this method are lower than those obtained by 
the dry combustion method. Comparative determinations of 
the carbon contents of four of these soils by the two methods .show 
that the wet combustion method gives, on an average, 19 per 
cent, lower results than those obtained by the dry combustion 
method. The carbon results obtained by the former method 
.should therefore be multiplied by IT. Nitrogen was determined 
by the Kjeldahl method and hydrogen ion (Ph) values by the 
Biilman quinhydrone electrode. 

RESULTS AND DISCUSSION. 

The results of the carbon and nitrogen determinations are 
shown in tables I and II below. 
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Table 11. 


Plots. 

Per cent. 
1928. 

carbon. 

1929. 

* Per cent. 

.1928. 

nitrogen. 

1929. 

Tree unlopped plots (average). 

•916 

•911 

*103 

•097 

,, lopped ,, ,, 

•968 

•890 

•107 

•103 

,, control plot ,, 

•892 

•830 

•p97 

•036 

Bush unlopped plots ,, 

•833 

•808 

•093 

•094 

,, lopped 

•881 

•883 

•099 • 

*100 

,, control plot ,, 

•830 

•695 

•097 . 

» 

•080 

Creeper unlopped plots ,, 

•932 

•944 

•123 

•110 

M lopped »> , i> • 

•939 

•959 

•115 

•108 

,, control plot ,, 

•816 

• -782 

•100 

•087 

Average of all unlopped plotb. 

•910 

•888 

• vlOS 

■ICO 

ij j» >1 lopped 

•939 

•910 

•107 

•104 

n M control y, 

•846 

•769 

•098 

•084 

Average of all green manured plots. 

•924 

•899 • 

•107 

•102 

,, ,, ,, control plots. 

•846 

•769 

•098 

•084 


An examination of tables I and II will show that (1) cn the 
whole there appears to be a slight decrease in the carbon and 
nitrogen contents of the green manured plots although certain 
individual plots show increases.. The decrease, howevdr, is so 
small that it may be stated that by the use of green manures the 
carbon and nitrogen contents of a soil are maintained under Pera- 
deniya conditions; (2) the control plots lose appreciable amounts 
of carbon and nitrogen, even though they are uncultivated; 
(3) the average carbon content of the lopped plots is slightly 
higher than that of the unlopped plots, but both sets of plots show 
slight losses durihg 1928-1929. The tree lopped plots, however, 
show distinct losses of carbon and nitrogen due probably to the 
loppings having been rather woody. The Crotalaria unlopped 
plot shows appreciable losses of carbon and nitrogen, due pro¬ 
bably to the replanting of this plot entailing cultivation losses and 
to the non-addition of any organic matter; the carbon/nitro- 
gen ratios of these soils calculated on the data obtained are. on 
the average, 8-7 and 8-9 for 1928 and 1929 respectively. When 
the correction factor is introduced, these become respectively 9*6 
and 9-8. It will be seen that the carbon/nitrogen ratios of these 
soils, as in the case of soils of temperate regions, remain about 10. 

In table III below are shown the results of the hydrogen ion 
determinati'ons on the soil samples. 
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Table IIL 

Ph values. 





i P v«lurf ® ^ ^ •'* •'' ® ^ 

1929) ” . * g-85 G‘06 6*16 6*10 S-98 6*44 5*79 6 10 6*21 5-99 6-57 . 6-5;i 6 •;« 6-.92 6-40 

. It will be noted that there has been an increase in the Pfi 
values of the soils during 1928-1929 indicating that the plots 
which were initially distinctly on the acid side are becoming less 
acid as a result of ■ the. treatments. This is* probably due to 
(1) the prevention b/the green manu.re crops of the leaching of 
the soluble base.s to lower soil depths; (2) the'addition to the 
upper layers of soil of the soluble basfes contained in the green 
manure loppings and cuttings. In the case of the control the 
comparatively smaller increases may probably be cau.sed by the 
lateral flow of water containing .soil bases from the adjoining plots. 

SUMMARY.* 

The results of carbon and nitrogen <leterminations carried 
out on soil .samples taken from the f)ermanent green manure plots 
on the Ex[)eriment Station, I’eradeniya, appear to indicate that 
under the conditions of .these •exj)eriments there are only very 
slight losses of carbon and nitrogen from the plots on which green 
manures are grown or ploughed in as compared with appreciable 
losses of these cohstituents from the control plots even though 
the latter are uncultivate<l. The losses from the green manure 
plots are so small that it may be stated that the carbon and nitro¬ 
gen contents are bei'ng maintained by the use of green manures. 
The carbon/nitrogen ratios of the .soil examined are about 10, 
which i's also the average for soils of temperate climates. The 
results of hydrogen ion determinations indicate that the soils of all 
the plots appear to have become much less acid as a result of the 
growth of green manures. 
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EPiDENDRUM STAMFORDIANUM BATEMAN. 


K. J. ALEX SYLVA, F.R.H.S., 


ASSISTANT CURATOR. 
HENERATGODA BOTANIC CARDENS. 


T his beautiful epiphyte is a member of a large genus of 
South American orchids which numbeVs over four 
hundred species. Most of them are epiphytic on trees, 
whence the generic name, though not a few are terres¬ 
trial. Of this genus of orchids, only a few are considered to be of 
horticultural merit; the r(!st ctmsi.st mostly of speci'es with incon¬ 
spicuous and unattractive flowers. 

Kpidcndnini Stanilordiannm is a robust-grdwing species with 
long p.seudo-bulbs, ta[)ering below and sheathed with large white 
membranous scales. The leaves are thick and fleshy and three 
to four sprout from the apex of the |)seudo-bulb and are about 5 
to 6 inches long and T^ to 2 inches broad, thicker near the’ba.se 
and tapering above and below. The flower peduncle arises from 
the base of the stalk of the pseud()-bulb ;md bears a comp’ound 
panicle of racemes of numerous fragrant greenish-yellow flowers 
with pink spots. » 

Ctdturc. —The. plant does not tolerate much root disturbance 
and it should be allowed to remain in the .same receptacle undis¬ 
turbed for at least two or three years before repotting which 
should be done only if the compost becomes impoverished or the 
plant outgrow's the pot. This species ordiViarily requires cultural 
treatment similar to that afforded to Cattleyas and Laelias. In 
potting t!he plant .shoidd be carefully examined for decayed 
pseudo-bulbs or roots which should be removed together with old 
compost. Propagation is effected by the division of the plant 
with two or three pseudo-bulbs, a growing lead being allowed to 
each division. The plant .should be arranged in the centre of a 
pot or wooden basket and a compost made up of equal parts of 
charcoal, decayed wood, bones, coconut fibre and fern roots 
{Asplenium nidus) should be grailually inserted into the pot and 
pressed firmly to keep the plant in position. If necessary a couple 
of stakes may be driven into the contents of the pot to maintain 
the equilibrium of the plant till it takes root. 
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Watering should be done sparingly and at long intervals so 
that the surface soil may become dry during the intervals until 
the plant is well established. As soon as the plant puts forth new 
growth or fresh leaves, an increased supply of water will be 
required till the plant attains a normal growing state. It will 
thrive best in a warm place exposed only to the morning sun. 

A good healthy plant will carry flowers for several weeks 
under moderately dry conditions.- Small or weak plants should 
not be allowed to carr)^ flowers over a long period as the flowering 
is a drain on the plants and they will take a long time to recuperate 
and come batfk to their normal state of growth. 

The best time to cut and rernove a flower spike from a weak 
plant is at the stage of opening of the flowers. At this time of 
its growth .root action is encouraged and the plant is helped to 
attain its full development. If the flower spike is removed at an 
early stage, there is the danger of the plant becoming stunted and 
giving only abnormal and twisted growth. 
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CONFERENCE OF EMPIRE 
METEOROLOGISTS, 1929. 

AGRICULTURAL SECTION. 

AGRICULTURAL METEOROLOGY: A BRIEF 
HISTORICAL REVIEW. 

OPENING ADDRESS BY SIR NAPIER SHAW. F.R.S., 

CHAIRMAN. 

I T is with great pleasure 'and no less surprise that I find 
myself responsible for inviting an asse^nbly of representa¬ 
tives from many parts' of the Empire to consider ways and 
means of bringing our knowledge of weather to bear upon 
agricultural practice. 

Weather has, of course, been a subject of fundamental 
importance for agriculturists from the beginning of time. It is, 
I suppose, of equal importance for all the beasts of the field, for 
the fowls of the air, the insects that infest it, the fish of the river, 
the lake and the shallow .sea. The lower animals must 'have 
shared man’s interest in the weather and in fact, if we are to 
believe famous Greek and Roman authors who wrote about the 
weather, lower anhuals are so skilled in kn'Pwledge of the subject 
that they notify coming changes which the lords of creation 
themselves are too slow-witted to divine; and many people are 
still of opinion that the very hips-and-haws can foretell seasons. 
But it is undeniable that the first knowledgeable application of 
meteorology was the planti'ng of grain in a .suitable place at a suit¬ 
able time of year. That was the basis of the first co-operative 
movement, the dawn of our civilisation. So interwoven is the 
famer’s life with the knowledge of weather that one of the great 
difficulties in developing the application of meteorology to agri¬ 
culture has been that, knowing as everyone docs that the growth 
of plants and animals depends on sun and warmth and rain, we 
could not persuade the farmers to tell us how much sun, how 
much warmth, how much rain was necessary for a bumper crop. 
I have said it before, and will say it again, that agricultural meteo¬ 
rology is what the farmer knows and won’t say. 

But the farmer must have lived there for some time, and his 
father before him, before he finds a working knowledge of 
weather bred in his bones. At Washinor^on once, on a visit to the 
.Secretary for Agriculture of the United States fw'ho In fpct 
a Scotchman, which means a good deal in agriculture). I was 
much impressed by his telling me why it was necessary for the 
Ministry of Agriculture to have its Weather’ Bureau. At that 
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time a great deal of the United States was virgin soil and the 
people who were to till it came from all parts of Europe and had 
not even that -rudimentary knowledge of the relation of crops to 
sites and seasons that 1 have called the dawn of civilisation. 1 he 
lesson that James Wilson gave me. in Washington comes back to 
me with more than its original force as 1 stated in front of an 
assembly that has to think about the cultivation of crops in the 
British Empire. If the range of climate and weather in the 
United Stages of America requires-a Weather Bureau to prevent 
its citizens’ efforts froth being wasted, for want of knowledge of 
the weather and its meaning in beneficence and maleficence, what 
sort of Weather Bureau does the British Empire require in order 
to make the most of the soil that it possesses ? 

Our own Meteorological Office was sl.arted in 1854 for the 
sea and navigation-, not for the land and agriculture. I should 
not be a bit surprised if the GoverjTment of 1854 were of opinion 
that if anybody wanted to know anything about the weather and 
climate of the United Kingdom it Vvould be better to ask a farmer 
than a Fellow of the Roya‘l Society. We are now, of course, in a 
new world; but probably there have been Ministers since 1854 
who have had the same opinion. 

Anyway, in 1877, after ten years of inquiry by a Committee 
of the Royal Society into the relation between meteorological 
records and weather, a new Council entrusted by the Royal 
Society with the control of the Weather Office began at once to 
take'up the question of the application of meteorology to agricul¬ 
ture and public health. It \vas ,a very strong body of .scientific 
men to whom ,the control of meteorological work was entru.sted. 
The people who were then thinking about the relation of weather 
and crops were: Henry Smith, a versatile professor of mathe¬ 
matics at Oxford, who died too soon; Warren De la Rue, a 
pioneer in the study of the sun; Francis Galton, George Gabriel 
Stokes and Richard Strachey, with Captain Evans, ex-officio, as 
hydrographer of the Navy, all famous men. For help with their 
agricultural scheme they consulted two other persons, whose 
names will be well known in this assembly, J. B. Lawes and |. H. 
Gilbert of Rothamsted. We look to the same quarter for advice 
to-day. In order best to serve their common purpose the Council 
arranged to collect information about warmth and raih and sun¬ 
shine from repre.sentative stations in twelve disricts of the British 
Isles and to publish it weekly every Wednesday, so that the public 
authorities mig'ht have thei'r information about climate and 
weather almost as hot as their morning bacon. The first number 
was issued at the beginning of February, 1878'—and the last at 
the end of January, 1928. 

That was the expression of their ideas about practical 
climatology. Their effort in svnoptic meteorology was to Issue 
special forecasts of weather in the harvest season. The publica¬ 
tion of forecasts, after some years of intermission for the purpose 



of study, had been resumed on April 1, 1879. The following 
paragraph appears in their Report for the year ended March 31, 
1880:— 

“ Hay Harvest Forecasts .—In order to put the forecasting^ s} stein 
to a practical test, the Council, in the month of June, 1879, made pro- 
• posals to the Royal Ag'ricultural Society, tlic Royal Dublin Society, and 
the H'g'hland' Soc ety, to send daily forecasts i^raiis during^ the hay 
season to a number of observers selected by the Councils of those 
Societies, on the two conditions, that the information shojild be made as 
w dely known as possible, and that a record should be kept of the value 
t)f each prediction.” • 

Then follows a list of the recipients of the forecasts to the number 
of 32. 

The same paragraph is repeated in practically the same 
words in the Report/)f each year until 1899. In 1900 the follow¬ 
ing paragraf)hs appeared:— ' * 

‘‘ Harvest Forecasts .—The practice of distributlngin by teleg^raph, 
special Forecasts to a selected*number of prominent Arboriculturists in the 
several districts of Iuig;land* Scotland, and Ireland during;- the period of 
harvest, had be(*n continued for a longf period, in order to g^ivc the 
Counf'il an opportunity of putting the Forec'asfs to a prai'tical test. 
The returns of success and failure were made up from the observations 
of the recipients lliemselves, and for many years past the totals of part al 
and complete su('('ess had rt'ached an average of about 90 per cent, for 
all districts, varying from 76 per cent, for Ireland N., to 96 per cent, for 
England, S.” . • 

“ In May, 1899, the (Council decided that the free distribution of 
the Forecasts should be discontinued, and a cin'ular was issued announ¬ 
cing this dei'ision, and stating that tlie F<^recasls would be sent to 
applicants who w(ue willing to pay the t'ost of the daily telegram, without 
any additional charge. Twenty afiplit'ations for tlie Forecasts were 
received, one from Scotland, W., and the remainder from the various 
districts of England, and Forecasts were sent daily at 3-30 p.m. for 
varying periods extending in the whole over eight weeks.” 

In 1901 the number of subscribers increased to 129. 

In these days when the conclusions drawn from a map pre¬ 
pared from observations made in almost any part of the northern 
hemisphere at 6 o’clock can be issued by “wireless” at 9 o’clock 
to a million listeners, we ought to recall the difficulties of di.stri- 
bution with which the meteorologists of the past century had to 
contend. The main map of the day was based on observations 
at 8 a.m., a more restricted service of telegrams reported observa¬ 
tions at 1 p.m. and 6 p.m. Forecasts were prepared for issue at 
11 a.m., 4 p.m. and 8 p.m: the first for exhibition on the office 
door at 63, Victoria .Street, at three places in the City, six places 
in the West End, and for the London evening papers; the second 
for exhibition as before and for London and Provincial papers 
and 125 other subscribers. The 8 p.m. forecasts were originally 
prepared for The Times and then for other subscribing news¬ 
papers until it was arranged with Government that they should be 
supplied at the public expense for the papers of the following 
morning. • 
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Looking back I think we may say that really an antecedent 
condition for a.successful system of forecasting for agricultural 
purposes is an teffective scheme of distribution by wire or wireless. 
For farmers, reports by post or newspaper can only be reminis¬ 
cent. The Council were as fully aware of this as you or I; but 
the Post Office of those days was a Government Office and the 
Council’s office was not. For the Postmaster-General it was 
merely a r^gualr customer. Its telegraphic information had to 
be paid for in full and,had to take'its turn with the messages of 
the general public. An official of the Post Office once informed 
me, wjth all the appearance of pri'de, that the priority in the Post 
Office was by 'turn and nothing else. He explained that a tele¬ 
gram from the Police to arrest a murderer would have to wait its 
turn while a telegrapi to put half-a-crown on a horse race was 
being sent. It retjuired the Great War to secure priority for 
weather teldgrams, and then it was,ihdeed such priority as we had 
never dreamed of. 

When a Committee of the Privy Council on Agriculture was 
appointed the Office appealed for a better trial of the forecasts 
than it was able to afford itself and in 1893 and again in 1894 trials 
for selected districts were made, "["he recipients kept notes of 
the weather. The harvest forecasts and the weather notes were 
treated as the material on which to form a judgment about the 
utility of forecasts and submitted for examination—to a farmer ? 
No I'r-to a local resident squire or parson who knew something 
about crops and the* difficulty of getting them ? No !—to a 
lecturer on Geography in one of the University Colleges. What 
could anyone i» that position say except that no forecast is likely 
to fit in with the geography of a whole district in England. 
Scotland or Ireland ? It was a foregone conclusion. The report 
explained what every forecaster knew better than anyone else, 
and so the experiment was judged to have failed. May I draw 
this lesson—that if any of you gentlemen are arranging to issue 
forecasts for the use of agriculturists in your country and you 
want to know nffiether they are useful, don’t ask an independent 
meteorologist to report on your .scheme, ask your farmers about 
their crops and how they got them. Keep your difficulties to 
yourselves and get over them as quickly as you can: judge your 
service by its usefulness to those whose work is with crops. 

Such is in brief the history of our efforts in the direction of 
Agricultural Meteorology from 1879 to 1899. During the next 
twenty years I had some personal share in the responsibility for 
its development. 

As official documents passed through my hands I was im¬ 
pressed with the advantages of the Weekly Weather Report for 
the purpose for which it was planned and the care that was taken 
to.provide appendices that might stimulate research into the agri- 
^IturaJ influence of weekly weather. But in this country, where 
the study of weather is hardly, recognised in higher education, the 



stimulus has met with little response. One of the novelties of 
the report was that at Gilbert’s request it estimated warmth as 
accumulated temperature above or below 42®F"., and I was 
curious to know how that scheme worked; so I put- together the 
results for the twenty years- and, knowing hardly anything of 
crops myself, 1 was astonished to find that productive barley 
years were the colder years, not the warmer ones, and that the 
climate of Eastern England was, in fact, too warn; for barley. 

Here let me interpolate' the story. , An ingenious member 
of niy staff dernurred to the conclusion. He thought that the 
method of dealing with such questions by averages of warmth and 
crops for districts was inadequate. For him the only safe way 
of arriving at a conclusion was the experimental way—watch your 
plant all the time and measure fhe warmth which it received. So 
he sowed some barley in a pot in his own gr*eenhouse where the 
conditions of temperature and water supply were ufider his own 
observation. When 1 inquired later how the experimental plan 
was getting on it turned out that most unfortunately and quite 
unaccountably the plants had died. But after a'll it was a very 
illuminating experiment. I remain still unconvinced that the 
method of districts and crop, returns is not the best way of dealing 
with mortal things like plants. 

Pursuing the matter further I found .that the wheat yields for 
the whole of England, in the years for which the Board of Agri¬ 
culture provided data, displayed a curious inverse relationship 
with the rainfall of the previous autumn. ’You may hear some¬ 
thing about it later on. 1 remember showing the figures to Sir 
Francis Galton, who had by that time retired frtjm the Council. 
The gratification that he expressed at something of practical 
interest having come out of the work in which he had taken a 
leading part is one of the most pleasurable reminiscences of mv 
life. 

By that time a good friend who was a member of the Council 
of the Statistical Society insisted upon my joining that body, and 
then, on writing a paper, and as I had satisfied myself that the 
Weekly Weather Report presented the best thought-out body of 
meteorological statistics in the world, I naturally used the oppor¬ 
tunity to expound its advantages and worked out the relation of 
wheat crop to autumn rainfall for the Eastern district of England. 
That still remains for me a subject of natural curiosity and two 
years ago I was astonished to find a reproduction of the diagram 
which I had drawn used in a German school of geophysics as the 
introductory illustration of a general principle. 

Thereafter Mr. R. H. Hooker took up the question of the 
relation of weather and crops on proper statistical methods and 
with Mr. Yule’s assistance developed the method of partial corre¬ 
lation coefficients. The method has spread all over a large part 
of the world, particularly in India, Sweden and the United States. 
In the meantihie a good deal of useful work on experimental lines 



was done in Russia, so that before the War the International 
Meteorological Committee appointed a committee to study meteo¬ 
rology in relation to agriculture. It is now under the able chair¬ 
manship of Dr. Wallen, of the Swedish Meteorological and 
Hydrographical Service. 

The next stage, so far as I am concerned, was in July, 1912, 
when I was bidden to give a lecture before a Conference of 
Agricultural *1 eachers at Cambridge on Meteorology and Agri¬ 
culture. I doubt if at that time one could hcive found a m.ore 
difficult-subject for a lecture. It opened with the remark:— 

• There is a wide-spread opinion, more often hinted at than 

expressed, tha't mctcorolog-y is of great importance in agriculture; yet 
when one looks around for monumental evidence of its achievement in 
this country', except for some succc.‘»ses in forecasting, there is little to 
be seen.” , ' 

No one doubts that weather is .still of the utmost importance 
in agriculture, a's it w'as in the beginning; but meteorology is not 
weather, it is the study of weather— a tlifferent thing. 

Since that time the position has been changed. So far as I 
knew, any good seed that 1 tried to scatter on that occasion had 
fallen by the wayside. Shortly after, the War intervened; yet 
when the War was over the same desire for co-ordinating the 
knowledge of meteorolcjgy with that of agriculture found expres¬ 
sion in the establishment of the Crop Weather Scheme by the 
co-operation of the Air Ministry with the Ministry of Agriculture. 
You will hear what has, been done and is being done in that way- 
in this and in other countries.* Month by month we can see the 
subject expanding and our purf)ose to-day is to exchange the 
experience of methods and results obtained in this country with 
those of other parts of the Km[)ire. 

It has developed far beyond the powers of an ordinary mortal 
like myself to follow its details. 

1 arri still impressed with the flexibility and power of a.weekly 
report. But in that matter the rationalization of our industry is 
hampered by the irrationality of what I will call the monthly habit 
of meteorologists. In this connexion I think we ought all to bear 
in mind the proposals for the reform of the Calendar which are 
designed to rationalise the measurement of time, not so much for 
scientific as for commercial purposes. They have been put 
forward by the U.S.A. and have been taken up by the League of 
Nations with the suggestion of an “International Conference to 
decide Calendar Reform.” 

The following notification comes to me with a post mark 
S.W.l:— 

International Chamber of Commerce, Amsterdam Congress. 

“The International Chamber of Commerce, earnestly desiring that 
the date of Easter should be fixed without delay, and that the calendar 
should be reformed, reaffirms at its *5th Congress in Amsterdam its 
previous resolutions of the 1st Congress at London, 1921, the 2nd 
Congress at Rome, 1923, and the 3rd Congress at Brussels, 1925* 



“ The Chamber notes with satisfaction that several nations at the 
instance of the League of Nations have organized Special Committees 
to study calendar improvement and the hxing of Easter*. 

“ The Chamber urges that other nations should follow that same 
practical course, and that the League should convene an international 
. conference to secure without further delay the improvement for which 
the world's commerce has so often asked.” 

I do not gather that the reform of the calendar excites much 
interest i'n this country. Indeed, when I broached the question 
in a paper before the Royal Statistical Sopiety in 1925, “ On the 
week or month, as an intermediate time-unit for statistical pur¬ 
poses, ” tihe Government officials who took part in the discussion 
seemed to think that the present lack of system* in spite of all 
its imperfections, was better than anything else. Still the Inter¬ 
national Chamber of Commerce may have an influence with 
Boards of Trade and Ministries of Air and*HeaIth that simple 
reasoning does ndt command. All I would say.now is that we 
are not much concerned al)Out a fixed or movable Easter, that for 
meteorology or agriculture there is no such thing as a dies non, 
and 1 doubt very much if there can be one for commerce— 
certainly a Bank Holid.iy is not one. If there is a day to spare 
from the calendar it might J)e spent in universal work for some 
laudable object of universal interest, say the League of Nations, 
or, better, the organisation of a universal campaign against the 
minor enemies of mankind. 

But the choice of a time-unit is really .subject of vital impor¬ 
tance for the proper organisation of the endeavour to co-ordinate 
agricultural f)rogress with the study of weather. In my capacity 
as President of the Meteorological .Section of the International 
Union for Geodesy and Geoj)hysics, in accordance with a resolu¬ 
tion passed at Prague in 1927 1 have to organise a deputation to 
the International Meteorological Committee this year. I am 
afraid that illness has stunted my personal activity, but if you 
agree with me that choice of a time-unit is a really important 
matter, you may make some amends for my enforced inactivity. 

Let me, in conclusion, .say a word or two that I hope may be 
regarded as in season in opening a conference upon what is practi¬ 
cally a new science, and that is the urgent necessity in all .sciences 
for scrupulous care in the choice of words to express new ideas. 
It is so easy when one is thinking out a subject to borrow for a 
new idea a word that is already in common use and give it 
another meaning; if a distinction is to be dnawn we are apt to 
accomplish our desire by adding an adjective. 

I wonder how much lead meteorology has lost by using the 
name absolute temperature for something wffiich for the man-in- 
the-street is not temperature at all. Our friend in the street is 
entitled to say to the man of science: “You have encouraged me 
to buy an instrument to measure temperature; and for me tem¬ 
perature means what I read on that instrument and can mean 
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notihing else.” It is not only the man-in-the-street who is misled. 
Some years ago two Oxford physicists, Lindemann and Dobson 
described some observations from which they concluded that the 
“temperature” of the air at a height of 100 km. is about 300, and 
only a few days ago in a paper from Copenhagen I find a dfe- 
cussion based upon the figure 300®C. as the temperature referfed 
to: but 300'^C. is 273'^C. wrong. 

I quote the incident to suggest that as the scientific world has 
invited the Vnan-in-the-street to read temperatures on a thermo¬ 
meter, it should leave "him in possession of the name and find 
another name for what we scientific folk call absolute temperature. 
We might have made some progress if we had used a new word, 
“thermancy” for example and if Lindemann and Dobson had 
said that the thermancy of the air*at 100 km. was 300 the Copen¬ 
hagen printer would have done no harm. 

You m&y'think this is very remote from agriculture, but 
radiation, the foundation of all agriculture, is reckoned in absolute 
temperature, not in temperature. When you lose a potato-crop 
in a night-frost in 'May, ifyou are a meteorologist you may per¬ 
haps find a grain of scientific consolation in reflecting that it is 
thermancy that counts, not temperature. 

Really one ought not to alter the*essential nature of an entity 
by qualifying it with an adjective, though the attempt is often 
made. A year or two ago, in a review of a work on the glacial 
anticyclone, 1 had occasion to contrast some of its properties with 
the recognised properties of an anticyclone. The author 
demurred and explained that anticyclone was not in his book nor 
in his index; it was a “glacial anticyclone” not an “anticyclone” 
that he was talking about. 

Such things happen often. When 1 was at the Meteorologi¬ 
cal Office we used to keep a catalogue of all gales on the British 
coasts. The gales we catalogued were defined as winds of force 
8 on the Beaufort scale. d'he meaning of our catalogue was 
obscured by the fact that force 7 on the Beaufort scale was called 
a moderate gale, so we altered moderate gale to high wind; but I 
see the old notation has become re-established, and if you want 
an answer to the conundrum: “When is a gale not a gale 
you must ask a seaman, and he will explain: “When it’s a 
moderate gale.” 

Let me give one other, example of the need for care in the 
choice of words. Things happen sometimes in nature that are 
outside the pale of properly organised statistics. You may get 
a succession of events which to the unsophisticated person looks 
periodic: you may even guess the period. But the statistician 
has his own canons of behaviour for periodic things, and when 
things look periodic and do not satisfy his canon he is apt to say 
they are “accidental.” But for the observant meteorologist, as 
I suppose for the observant agriculturist, there are problems in 
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nature but certainly no accidents. Accident is, 1 am sure, quite 
the wrong word to use. 1 should understand at once if he called 
the sequence “ultrastatislical,” meaning that a .statistician would 
not think about it. 1 should forgive his calling it .“infrastatisti- 
cal” as being beneath the .notice of a person who dealt with 
ordered arrangements of events. But if he calls it accidental 1 
spend all my little leisure for his subject in wondering why he uses 
such an inappropriate word. 

Pray excuse my calling your attentio/i to these small matters. 
Yoii have a very extensive bill of fare before you, and compared 
with the subjects in the programme what I have mentioned may 
be what the French would call “hors d'aiuvre."* Yet perhaps 1 
may be forgiven if 1 u,se another analogy. In science as in trans¬ 
port, switch points have no pfominence aijd yet they have quite 
considerable importance. * 

Returning frbm the minor to the major key*—what after all 
is this Agricultural Meteorology that we are asked to discuss } 
Is it meteorology at all ^ or is it one of the^ things that I have 
referred to, the very nature of which is changed by its epithet } 

We are, of course, agreed that the human race depends upon 
its agriculture for its food and clothing; the science of agriculture 
may fairly be described as the study of the organised reaction 
between soil and weather, and meteorology is the study of 
weather. I'he most obvious feature of this everlasting reaction 
is that changes in the soil are interminably slow compared with 
the changes in the weather arfd the two require different 
arrangements for their study. 

One aspect of Agricultural Meteorology is the presentation 
of one side of the reaction between soil and weather in any parti¬ 
cular agricultural problem; but that is only one aspect. Another 
is. the presentation of our knowledge of weather in such a form 
that we can follow in outline, if not in detail, the progress of the 
reaction in any selected locality. It is this second aspect which 
makes a .special appeal to us to-day. If we organise to the best 
advantage our knowledge of weather—that knowledge which in 
the past has merely gone to increase what a distinguished 
American meteorologist has called the “frozen assets” of the 
science—we shall obtain a general view of the progress and 
prospects of agriculture in every part of the Empire. 

To devise and organise an arrangement which is equally 
suitable for all and each of His Majesty’s Dominions will require 
courage as well as ingenuity—courage of a peculiar order if the 
best arrangement is one which has to override the awkwardness 
of the Georgian calendar. But the object of our work, the 
understandii^ of the conditions under which the different parts 
of our wide-flung Empire contribute to the world-.supply of food 
and clothing, is no mean ambition. . 
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SELECTED ARTICLES. 

KAPOK IN THE PHILIPPINES.^ 


A lthough kapok has been known commercially for more than a 
century, it has not until quite recently attained any consicieruble 
commercial importance. The admirable qualities of the floss 
for tilling purposes were first made known to the commercial 
world about the year 1850, when the Dutch in Java began to 
export it in small quantities, first to Holland and later to Australasia and the 
United Stales. Since that lime java hm been the principal, in fact practi¬ 
cally the only source of,,supply, although the tree and its product are well 

known in several other tropical countries. 

^ • 

In the Philippines the trees produce Several thousand tons of floss of 
which a comparatively small part is used locally, and practically the whole 
of the remainder is left to rot on the ground. It js only since 1905 that 
an attempt has been made to export the fiber from the Philippines and, 
even since then, the quantity exported annually is entirely too small in pro¬ 
portion to the amount produced. 

I'lie iictivities of the Bureau of Agrfculture, directed towards the 
establishment in the Philippines of an export trade in kapok, are traced 
*l)a('k to* the year 1903. Between the years 1903 and 1909, the activities 
consisted in, first, a study of the kapok trade of Java; second, a general 
investij^l^tion as to the extent of the cultivation of the kapok tree in the 
Philippines, its average yie*id, and the local uses made of the floss; third, 
the preparation and distribution of circulars and other publications intended 
to ('orrect the faulty’ methods and practices used by the natives in planting 
and harvesting; fourth, the free distribution of seeds and seedhngs ; and, 
fifth, an attempt to provide better means for cler.ning* the product. 

Several campaigns have been conducted by the Buteau of Agriculture 
to induce the people to plant kapok trees on a large scale, and many people 
did set out numbers of trees in Tarlac and Lataan and other places in 
Luzon ; but as they found no market for the product the trees got neglected. 
For example : a big kapok plantation in Bataan consisting of 2,000 three- 
year-old trees produced 77,000 pods in 1921, its first cro ), but as only pesos 
269 was received therefor no further attempt W’as made to sell the pods 
except locally. 

But since kapok has made a market for itself, emphasis must be laid on 
the word “good."' Philippine kapok is produced by the plant botanically 
known as Ceiha peniandra Gaertn., the same as Java kapok, which is 
superior because it is handled carefully and prepared for the market in 
accordance with the strict grading regulations of the exporting firms, as was 
learned in an investigation conducted by a representative of the Bureau of 
Agriculture, who visited Java in 1920. 

Climate and soiL —The kapok tree requires not more than 2,000 
milimeters total annual rainfall. A climate with a pronounced difference 
between the dry and wet season is preferable, and decayed volcanic soil 
or a porous soil. 


* From The Philippine Agricultural Review, Vol, XIX, No. 3, 1926. 
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Propagation and planting .—Kapok is propagated both by seed and by 
cuttings, but the former method is recommended, for it gives robust and 
belter plants, while the latter produces plants which are’/iuscepiible to the 
attacks of termites or white ants. The seeds are planted lirst in seed beds 
and the seedlings are then transplanted when they attain a height ol about 
a meter. 

Harvesting and cleaning the floss .—The pods should be picked as soon 
as ripe, but never before; nor should they be left to open on the trees, as 
both practices tend to lower the grade of the product. As soon as picked 
they should be opened, classified*, • and cleaned, even before the floss is 
thoroughly dried. The floss should be dried as* soon as possible, however, 
to prevent fermentation, which might take place, and thus retain the grade 
and quality. 

Cleaning the floss by machinery .—^'Fhc machines thus far constructed 
perform their function on very much the same principle, as all or most of 
them have been based on the more'improved hand process of cleaning the 
floss. These machines are as a rule simple, both in«t:onstruct ion and opera¬ 
tion, strong, cheap,.and portable, thus affording an oppq^-tunity for all 
classes of kapok producers to use* them to advantage, provided that suffi¬ 
cient trees are grown in close proximity to render their use practicable. 

The general principle upon which the most successful kapok machines 
are based may be described as follows: A long rectangular or polygonal 
box, or chamber, is set horizontally or perpendicularly. Through this 
chamber runs a shaft, on two opposite sides of which arc adjusted a 
number of pins, or blades, either opposite each other or alternat.ng at 
regular intervals. From two or more sides of the chamber other blades 
extend, which do not touch the former blades but pass a few centmK ters 
in front of them. Both blades are removable and can be adjusted in their 
proper places by screws, 'kite former blades stir the floss while revolving 
with the shaft, and in so doing beat jt againSt the latter fixed blades. 
The revolving blades are adjusted to the?, shaft in a manner similar to the 
blades of the propeller of a steamer, w'hich moves the floss from one end of 
the chamber wfliere the floss is fed into the other end w^herc it is driven out. 
In front of the outlet some machines arc provided whlh a fan which blows 
the cleaned floss through the outlet into a large rectangular removable 
receptacle in which the individual fibers are deposited like the flakes of 
snow, 'I he particular advantage of the fan is in freeing* the floss from any 
extraneous matter, such as dust, pieces of broken leaves and twigs, etc., 
which is olten found mixed with the floss. I'he seed falls through the p:M'- 
forated base of the chamber as a result of the violent stirring elTected by 
the blades of the revolving shaft. 

The following are the cleaning machines so far known : — 

1. The Bley machine, invented by Mr. G. Bley, a prominent kapok 
planter of Java. This machine is supposed to be one of the best mat hi :es so 
far invented. It requires one-half to 1 horse power for its operation, and 
is claimed to clean about 217 kilos of floss per hour. This machine was 
exhibited and operated at the Sourabaya Fiber Congress and Exhibition held 
in July 1910, and was awarded the first prize. 

2. The Becker machine, invented by Messrs. Becker & Co., Sourabaya, 

Java. This machine works on the general principle of the Bley machine, 
differing from the latter principally in having the cleaning chamber set 
perpendicularly instead of horizontally as in the Bley machine, and in its 
operation and construction being perhaps a little more complicated than the 
latter. It is claimed that this machine cleans about 120 kilos of kapok floss 
per hour. , 
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3. The LUuau machine, invented and manufactured by some English 
firm whose name is not known. This machine was imported here by 
Mr. Felix Lienau of Manilla, hence the name given it here. It is built on 
very much the same general plan as the Bley machine, but is much smaller 
in size than the latter and is not provided with a fan. It requires from 
one-half to 1 horse power for its operation, and will clean between 120 and 
130 kilos per day of ten hours. Its simplicity of construction, the inexpen¬ 
siveness of its operation, and its low* cost would indicate that it can be 
operated to advantage on small plantations. 

4, The Kapok cleaning machine of ihe L\ S, Naval Station, Cavite, 
and the Bureau of Agriculture .—In 1916 a machine was built by the Depart¬ 
ment ot Construction and Repairs at the United States Naval Station, 
Cavite, Philippine Islands, which has given very satisfactory results in 
separating the kafk>k fiber from the seed. The Fiber Division co-operated 
with the Naval Station by furnishing plans and data of similar machines 
used successfully in Java. A machine ,of the same design is at present in 
the Singalong Repair SJiop of the Bureau of Agriculture. 

YIELD. 

From several observations made by. different persons in different 
localities, it appears that an estimate of the annual yield of clean kapok from 
a tree of normal growth and under 7 years of age may be placed at 350 to 
400 pods. Trees between 7 and 10 years should yield an average of 600 
pods or more. 

.\ very wide divergence is also encountered in the yield of floss by 
pods. While in some cases about 150 pods will yield 1 kilo of clean kapok, 
in others it may take as many as 300 to yield tlu^ same quantity. In this 
respect it is probably safe to calculate on 230 pods to produce 1 kilo. 7'he 
judicious selection of seed for planting will undoubtedly increase the 
average yield of floss in tl\e pods. 

On the above basis a hectare* planted to kapok, and containing 280 
trees from 5 to 7 years of age, ougtit to bear 95,000 to 100,000 pods, which 
at the rate of 23()f pods to the kilo,'will yield 410 to 480 kilos of clean 
kapok per year. From the seventh to the tenth year, a hectare should yield 
about 640 kilos. 

In a general way it may be said that the yield of seed is double that 
of the floss. That is, a tree which generally yields 3 kilos of clean kapok 
during the year yields also about 6 kilos of seed. Various tests have 
shown that the weight of clean kapok varies from 55 to 65 per cent, of the 
weight of the seed, 'fhe yield of seed is also variable both as regards the 
number and the si/e of the individual seeds. 

USES. 

I'he principal use of the greater part of the kapok produced, however, 
is for filling pillows, cushions, mattresses, and other similar articles of 
upholstery. Next to this use may be mentioned its use for filling buoyant 
cushions. Finally, may be cited its most recent use for textile purposes. 

For upholstery purposes kapok is preferred to all other filling fibers 
on account of its great capacity for filling and also its great elasticity. 
The latter is demonstrated by the fact that all cushions and mattresses that 
are filled with kapok will, after the pressure is taken away, resume their 
previous dimensions. In other words, kapok does not get matted with use, 
as is the case with all the other filling materials. Its great capacity for 
filling is shown by the fact that the weight of the quantity of kapok required 
to fill a certain mattress is considerably less than that of any other material 
used for the same purpose. 
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^ The use of kapok in buoyant cushions dates back to a very recent 
period, prior to which cork was almost exclusively use^. Now the former 
is gradually replacing the latter, and it is only a matter of a few years 
when kapok will be used to a greater extent than cork for this purpose. 
This recent use made of kapok has increased the demand therefor and 
manufacturers of articles of upholstery have already begun to complain of 
the excessive price of the raw material, 

BY-PRODUCTS. 

.The most valuable product of the kapok .tree is, of course, its floss. 
Next to this in yidue and importance is the seed, which has also become 
an article of trade, for it contains 23 per cent, of oil. 

The oil is used to a great extent in the manufacture of soap and as an 
adulterant for other oils; the residue, or cake, is sometimes used as cattle 
food and as fertiliser, ‘'rhe weight of the seed is,, roughly speaking, double 

that of the floss. * 

• ... * • 

The wood ol the kapok tree, -which is light and soft,os used for tanning 

leather and for other minor purposes. The tree yields a dark-red, almost 
opaque, gum which has some medicinal value. The bark contains a reddish 
fiber which is sometimes used for tying purposes. 
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THE ORIGINAL HOME AND MODE OF 
DISPERSAL OF THE COCONUT.* 


T he origin and mode of dispersal of the coconut, which is now 
widespread throughout the tropics of the Old and New Worlds, 
has long been a subject of discussion. De Candolle, Reccari, 
Cbiovenda, and others consider the coconut originated in the 
Indian Archipelago or in the Pacific Islands, while O.F. Cook 
attempts to prove that its origin was in the valleys of the Andes of Columbia 
in South America and that it was transported thence, ’entirely by human 
agency,* far and <^wide across the tropic seas. H.B. Guppy also holds the 
opinion that the home of the genus Cocos is in America, while Geoffrey 
Smith states, on information given him by Mr. Hedley of Sydney, that the 
coconut was introduced .to the Pacific Islands from Mexico by Polynesian 
mariners. Cook asserts that it is highly improbable that sea-borne coconuts 
could ever be- cast up on a shore in such a favourable position that they 
could germinate without the aid of man, and Schimper considers that the 
coc'onut groves “fringing most tropical coasts have only exceptionally 
originated without human aid..“ 'I'he fact remains, however, that coconuts 
are the common strand palms on almost every tropical island and that they 
were found well established when many of these uninhabited islands were 
discovered. 

Another fact which lends support to the original home of the coconut 
being ^ the Indian Archipelago or Polynesia is the great variety of the 
coconuts now found in the East. Many of these varieties have well-marked 
characteristics, such as colour of the nuts, thickness of the husks, etc., and 
many ’pf these special kinds are grown specially for religious ceremonies 
among the Hindus, which also points to the palm being- of g^reat anticjuity 
in South India. The hereditary occupation of the Tiyans of the Malabar 
Coast also is the tapping of coconuts for toddy. Then, ag-ain, the Tamil 
and the Malayalarn name for the coconut is tenfrai (fen = south, /eat = fruit), 
that is, the fruit which comes from the south, 

Chiovenda quotes a reference to the coconut in Indian medical litera¬ 
ture, supposed to date back to 1400 B.C., and a statement of Ctesia that 
coconut oil was in common use in India in 400 B.C. He cites evidence 
that the coconut was widely cultivated in the Gangetic Plain in the first 
century of the Christian era, and refers also to two Arabian travellers, 
Abu Said and Ibn Wahab, who in the ninth century went as an envov to 
China and reported that the Laccadive and Maidive Islands were covered 
with coconut palms, which appeared to be indigenous there. One of these 
travellers also made the interesting statement of the existence in India of 
a religious sect, which, for humanitarian reasons, introduced and propaga¬ 
ted the coconut on those islands where it did not already exist. 

The name ‘coco’ appears to be due to the Portuguese, and they were 
made acouainted with the palm from their voyages in the East. The 
commonest word in the languages of the Pacific for the coconut is some 
form of the Indonesian nhir (niu, mt), and everything points to these names 
being of great antiquity, thus lending additional support to the coconut 
belonging to this part of the world. Mr. S. H. Ray, in a letter to me on 
the matter, suggests that the fact of the coconut having other names 
among the Papuan and Melanesian peoples and traces of others in Indonesia 
seems to point to it being indigenous in the Islatids, 


* By Dr. Arthur W. Hill, C.M.G., F.R.S., in Nature of July 27, 1929. 
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In connexion with the Polynesian Islands being* the original home ol 
the coconut palm, Beccari lays stress on the occurrence of the robber crab, 
Birgns latro, in these Islands. 'I'his remarkable crab isf able to break opca 
the coconut shells with its heavy chelae by hammering*with them on the 
‘eye hole’ until a large enough opening is made for it to- inse rt its small 
chela in order to extract the pulp, or endosperm. Ii also ascends the p.Jms 
for the purpose of g^etting the nuts, and is said to put its abdomen into the 
shell and carry it about with it as a protection. Another interesting p:;i it 
suggesting that the association of the robber crab and the coconut must 
be of great antiquity is afforded by the fact that the crab* uses the hu dc 
of the nut for lining -its borrows.* Beccari considers this assijciation of the 
crab with the coconut affords further support to the view that th * coconut 
originaled in the’ Polynesian region. fJeoffVey Srniih, however, does not 
believe the association of the Birgus with the coconut .is of very ancient 
origin, possibly because he accepted the information given him by 
Mr. Hedley, that the coconut was introduced to the Pacific Islands from 
Mexico by Polynesian cnariners. 

Although therc^ is this remarkable associaliort between the crab and 
the coconut, it is owly right to point out that the crab i*s i^tind on islands 
where there are no coconuts and rice versa, also that ihe crabs are eommonly 
found on the fruit clusters of Paadatiiis, the screw pine, the individual 
segments of which are much chewed and squeezed by the crab. 

F. W. Christian gives the names kfilm from Rarotonga ard the Gilbert 
Islands and hukuDia in the Marquesas for the robbc'r crab, and also quotes 
the Arabic khuklmw (a crab), and the Maori kukn (to nip). These names 
sug.gest a possible (xmncction with the Portuguese coco. Dr. C. O. Blagde*n, 
however, who has kindly looked into the matter, has sent me the bellowing 
letter, which sliows that there arc no grounds for connecting the name* 
‘coco’ with any native names of the crab :— 

‘'On the face of it, it seems to me somewhat unlikely that the name 
of tlie cocopalm should have been derived from that of the land (Tab (or 
other crab), that preys upon it. Man is much more interested in the many 
uses he derives from the tree than in the crab; and the jrec has, I imagine, 
a very much wid(‘r area of distribution than the crab. 

As a matter of fact, however, the name of the tree does not, as a rule, 
resemble that of the crab. Its most diffused general name in the (*aslern 
islands from Madagascar to the Marquesas, is iiiur. Other names, such as 
kclapa, kelambir, and the Celebcsian kalukii (of which koekoe, i,e., kukn, 
may be either primitive or the reduced form), are more local. So, 1 should 
suppose, are such crab names as kitku and kuhuma. In Malay and other 
Indonesian languages, such as Javanese, etc., there are two words:— 

(1) kiikii, claw, hoof nail (of finger or toe). 

(2) kukur, claw, to claw, to rasp, probably variants (ff one word. 
(There is also a variant with a final— f, kokot, in some places.) 

In practically all parts of Polynesia, from Fiji to New Zealand, and 
Hawaii to the Paumotus, are found derivatives of either (1) or (2) or both, 
in the sense of ‘claw, nail, hoof,’ or ‘to nip,* and the like. As these 
languages tend to drop final consonants, it is difTKiilt t.) say whether such 
words belong to (1) or (2). But apparently they do not generally mean 
‘crab.’ It seems reasonable to connect these words with the local names 
of the crab. Compare Malay ketam, ‘crab,’ but also ‘to nip,’ found in 
several languages from Sumatra to the Philippines. 

I do not think the Arabic khiikhum can be more than a fortuitous case 
of resemblance. I do not know it. 

As for the relation of all this to coco, I fail to see how it can be 
accepted in view of the fact that the word occurs in Vasco de Gama’s 
Roteird (1498) and in the book of Barbosa (151^), both written before 
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Europeans got far enough east to reach the region where the cocopalm or 
nut is called kukti. The word seems to be quite European (Portuguese 
and Spanish).’’ 

The coconut is of great antiquity in Ceylon, and earliest mention of 
it, Mr. Stockdale informs me, occurs in the “Mahawansa” in the reign of 
Dutthagamani, 101-77 B.C. Hsi'ian Tsang (II, p. 252), who travelled 
during A.D. 629-645, refers to coconuts in the Island of Na-lo-ki-lo 
( = Narakira—coconut = ? Maldives), and says, “The people of this Island 
grow no grain but live only on coconuts.” The Government Archivist 
of Ceylon also informs me that Sinhalese taxes on coconuts were 
in existence in pre-Portuguese times and were called Pol watte-picdiya and 
Polaya-panatti (Pu/~-coconuts in Sinhalese, i£»af/e = garden). IA Yule and 
liurneir^ “Hobson-Jobson,’' the passages quoted referring to the “Argell’ 
or 'Great Indian^Nut,’ from Cosmas, the Monk, circa A.D. 545 or A.D. 
547, and others lend further support to its Old World origin. 

As opposed to the theory of the« Polynesian origin of the coconut, 
Chiovenda holds the yi^w that it originated in lands, now submerged, 
somewhere in jthe» north-west of the Indian Ocean. He refers to Reinaud’s 
records of the Indian, Albirunhi, in the eleventh century, who mentions the 
submergence of land in the region of the Laccadive and Maidive Islands, 
and of how the people of these islands when fleeing for safety, took their 
coconuts with them. 'He also‘refers to fossil Cocoineae, related to Cocos, 
having been discovered in Central Europe. 

The fact that the early explorers found the coconut palm of very 
hmited distribution in tropical America may be held to militate against 
its American origin and rather support the view that it was an introduced 
plant. ♦ Further evidence in support of the eastern origin of the coconut 
and also of its power to spread independently is afforded by the fact that 
several islands all grouped together bear the name Cocos Island or have 
a ‘Coebs Bay.’ 'Phese is^^lands were apparently uninhabited at the time 
of their discovery and received th^ir names no doubt owing to the fringes 
of coconut palms on their shores, as it was the tendency of the Portuguese 
and Dutch in the ^.sixteenth and seventeenth centuries to name uninhabited 
islands by some distinguishing feature they presented. 

Another fact which lends some support to the views of De Candolle, 
Beccari, Chiovenda, E. D. Merrill, and others, that Cocos nucifera is of 
eastern rather than American origin, is alTorded by the recent discovery of 
fossil nuts of a (a)cos in the Pliocene deposits at Mangonui, North Auckland, 
New Zealand. These have been named Cocos zeylimdica bv Edward W. 
Berry, and, though they are quite small, they show no marked features, 
except as regards size, to differentiate them from the existing genus Cocos, 

O. F. Cook has taken infinite pains to try to prove that the coconut 
palm originated in South America, but many of his arguments may equally 
well be used in support of its Polynesian origin. With regard to the 
antiquity of the palm in America, he lays some stress on the finding of a 
carved coconut shell in a grave in the Chiriqui district on the Pacific coast 
of Panama. This bowl is figured in Cook’s “History of the Coconut Palm 
in America,” but it is not stated whether the grave was a pre-historic one oi- 
not. I am informed by the authorities at the British Museum that the 
design on the carved shell is certainly not aboriginal American, nor does it 
resemble anything from the East Indies at all closely. It is considered 
far more likely to be “a post-Spanish American product influenced bv 
European designs, such as were used by Indians in many parts of .America 
after the arrival of the white man.” 

The highly-polished coconut cups of Spanish South America arc men¬ 
tioned as a suggestive analogy, and also the similar floral patterns of 
modern Indian painted pottery, etc.; it is not thought that the carved shell 
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carries any wcipi’ht as evidence cither for or agfainst the American origin of 
the coconut palm. 

The fact of the finding of some particular bowl in a country needs 
some further support in the way of evidence, to prove* that it may be a 
product of the country where it has been found, since a good deal of 
false deduction might be based on. the finding of shells of the double coconut 
(Lvcfoiceu)t in India, where they are used as drinking bowls and for other 
purposes. Cook also attaches importance to the occurrence of coconut palms 
on Cocos Island, situated in the Pacific Ocean some 300 miles to the west 
of Panama, which since the coming of the Spaniards has not.been inhabit d 
and the coconut palms have almost disappeared. After considering the 
various suggestions made by Cook, there sccnis to be nothing against ihc 
view, held by De Candolle, that the coconut palms on this* island might 
have been brought there bv early Polynesian vovagers. ,From this island, 
or more possibly by the landing of some of these earlv vovagers on the 
Pacific coast of Central America, thev became established on the mainland 
and were in the course /)f time carried far and wide. 

Mr. H. C. Sampson, who carefully studied Obok*s work, has kindly 
supplied me with the following notes :— • • 

The three main points raised*by Cook are:— 

1. That the coconut must have plenty of soda salts for it to thrive. 
Therefore it must be a native of those parts of America where such alkali 
abounds in the soil. 

2. That the coconut will not establish itself on a coast-line without 
the aid of man. 

3. That the fibrous covering on the coconut is intended to hold a 
supply of moisture for the roots of the young seedling and not to* act as 
a float. 

As to 1. Coconut palms are able to stand a high percentage of soda 
salts in a soil provided there is very free draii^agc and aeration. • Where 
these are absent the tree immediately* becomes unheahhy. Tidal action 
on a sandy sea coast supplies the necessary drainage and aeration, hence 
trees on a sandy sen coast are usually healthy, while these facing a lagoon 
or backwater unhealthy. Health, according to Cook, is the ability to form 
fruit; but this is not so. Healthy trees need never bear fruit. They w'll, 
however, bear fruit if the necessary plant food is made available to them 
in the soil. Coconuts will grow quite well in soils deficient in soda salts. 
This has been proved by the Bombay Department of Agriculture, when 
the Government of that Presidency was considering the question of remitting 
the duty on salt reciuired for the purpose of manuring coconut trees in the 
Konkan and in North Canara, 

I myself have seen coconuts doing very badly on soils which were 
inclined to be alkaline, though the trees were afterwards made to bear 
heavily by breaking up the alkaline pan, which one usually sees associated 
with such soils. 

With regard to 2. I have seen self-sown coconuts establishing them¬ 
selves on the cays off Belize which are being formed in the shallow 
water. The young palms are able to compete for light with the 
young mangro\'e which under such conditions is inclined to remain 
stunted. The coconut groves on the east coast of Trinidad in the region 
of the Cocal are undoubtedly self-sown. These are said to have originated 
from the wreck of a French schooner laden with coconuts. One sees the 
trees growing in clumps often four or five together or in close proximity, 
which would not be the case had thev been planted by man. That coconuts 
do not do this more frequently is due to two causes: First, that though 
the seed may germinate it cannot survive where the shore vegetation is 
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liable to overshadow the seedling's, and secondly, in the open glare of an 
exposed beach it is not possible for the husk to retain sufficient moisture 
to enable the young roots of the coconut to feed on the husk. 

With regard to 3. It is very difficult to get coconuts to germinate 
in a dry climate without initial shade and constant watering. The fruit 
when it is ripe gives up its moisture from the husk, and it can only get 
this again by coming into direct contact with moisture either from the 
soil or from continual rain. Thus on the sandy coast soils of Ceylon and 
Southern India, seed coconuts have to be nearly buried in the sandy soil, 
which has to l>e kept continually moistt ned, and even under such conditions 
germination is much slower than it is fn countries * with a more evenly 
distributed and heavier rainfall. 

, It is clear that natural regeneration would be impossible for the coconut 
in a dry country' such as Cook claims to be the natural home of the 
coconut. It seems to me much more likely that the coconut was taken to 
America by immigrants arriving there prior to the discovery of that con¬ 
tinent by western civilisation than the reverse. • 

Turning now Xo the mode of dispersal of the coconut :— 

The sight of the Cocos-Keeling Islands, or Atolls, in mid-ocean on the 
direct route from Ceylon to Western Austr<ilia, and some 700 miles to the 
south-west of Java and the Straits of Sunda, led me to look into the early 
history of these Islands and search for records of the occurrence of coconut 
on other uninhabited islands in the Pa('ific (k'ean. 

Coconut palms were w^ell established on these uninhabited islands when 
Captain Le Cour visited them in 1825, befojx Captain Ross arrived there* 
that same year, for he “carved his name on the palm trunks.’^ H.P. Guppy 
‘brings together some v(Ty . interesting (‘vidence in connection 'with the 
coconuts growing on the Cocos-Keeling Islands. In a general map of the 
Eastern. Archipelago, published in Amsterdam in 1659, they are named the 
Cocos Islands, showing tliht the cixonut palm was then a feature of tht* 
group. Again, in Jan de Marre’s plan of the islands in 1729, coconut palms 
are figured with the simple, yet prdlxibly unintentionally true, remark : “it 
would seem that Nature herself has produced these trees,’* and in 1753 Van 
Keulen described them as being wooded. Further, some fifteen or sixteen 
years before the islands were occupied, it is stated that thev were “covered 
with trees, principally the cocoa-tree” ( = coconut palm). 

Charles Darwin visited the Cocos-Keeling Islands in the year 1836, 
some ten years after their rediscovery, and found them thickly covered with 
full-grown C(x:onut palms. He points out that at one time they must have 
existed as mere water-washed rerfs, and therefore “all their terrestrial 
productions must have b(H‘n transported by the waves of the sea.“ It is 
also of interest that Darwin refers to the occurrence of Birg^is latro on 
these islands, and this suggests that both coconut and crab were brought 
to the islands by the same means. 

From this evidence it appears certain that the coconut palms on tho 
Cocos-Keeling Islands were establishefl there when they were uninhabited, 
and there is also strong probability that they were the result of ocean-borne 
nuts which had drifted there with many other seeds from the east, as 
Guppy points out. From information kindly supplied by the Hydrographer 
to the Royal Navy, I find that the general trend of the ocean currents in 
this region is from the east westwards, so that any flotsam and jetsam 
reaching the islands would tend to come from Java or Sumatra or from 
the Sunda Straits. It seems not unreasonable to assume that the original 
nuts which have given rise to the coconut groves on the Cocos-Keeling 
Islands reached there as ocean-borne nuts from the islands to the east, and 
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this supposition may be held to g-ive some additional support to the view 
that the islands of the Kastern Archipelago of the Pacilii' Ocean should 
l)ie reg^arded as the original home of C<h:os uucifei^n. 

It is, of course, true that youngs sprouting^ coconuts on the strand are 
constantly destroyed by the land crabs, but it seems not ‘unreasonable to 
assume that a few nuts, out of-the many which must have been washed 
ashore, would have been covered by drift sand and so protected from the 
land crabs, and that Irom those which successfully g^erminated the dense 
groves of coeonut palms on these and on other uninhabited islands had 
their origin. . • 

.Wood-Jones nuMiiions that water-borne <'o^onuts can be seen germina¬ 
ting all round the lagoon shores of C<m'os Islands, and adds there is “no 
reason to supposes that any human agency was involved in the first planting 
of the coconuts in C'cx os-Keeiing.” • 

'file coconut palms now growing in the Bay of C'oeal, 1'rinidad, are 
reputed to have resulted from nuts#washed ashore' from a ship w^recked on 
the coast, and also as mentioned earlier, on some of the cays wdiich are 
being formed oil the coast ol British Honduras self-sowg coconuts may be 
seen. Coconut palrfis arc also fc^nd on small rc^ ky islyts *olT some of the 
Fiji Islands, where evidently the nuts have been c'ast up bv tlie sea and 
never could have been planted. 

(nippy, in his paper on the Coc'os-KecMing Islands,, produces weighty 
evidence to show that the coconuts there must have been water-borne and 
have gc'rminated wdic*n washed up on the strand. He also brings evidence 
in support of the* contention tlvil the coc'onut is able' to germinate without 
human intervention when washed up on h'ijian tieachcs, whether brought 
down by a rivc'r or transported by an ocean currc'nt. • 

Legual in his account of the Island of Rodriguez says : “The sea 
having thrown us up some Cck:os which began to bud, wa* planted some of 
the fruit some months after our arrival, and w hey we left the* place the trees 
were four IVet high.” 'fhc'se nuts, he*believed, came from the Island of 
Ste. Brande. Ihere are also two islands called C'oco and Cocos in this 
region. • 

A definite proof that the coconut will germinate unaidc'd when washed 
as-hore has been atTorded in the case of the Island of Verlalen, wdiicli lies 
to the north-west of the Island c’lf Krakatau in tlie Straits of Sunda, between 
Java and Sumatra. \'erlatc?n Island, whic'h is uninhabited and uninhabi¬ 
table, was visited in April 1919 by Dr. W. Doc'ters van Leeinvcn, now' 
Director of the Botanic Cardens, Buitenzorg, and he r(‘c'ords wdth a photo¬ 
graph, tht'- finding there of a coeonut palm sprouting in the drift mud—an 
accretion of soil containing pumice stone—at only a few yards’ distance 
from the sea. 'this proves conclusively that an ocean-borne coconut can 
germinate without human aid, as Beccari asserted, atul refutes the opinion 
of Hugo de Vries, O. F*. Cook, and others. 

When I w'as in Java in March 1928, Dr. Docters v.an Leeuwen very 
kindly gave me prints of tw'o photographs of tw'o young coconut palms, 
similar to the one on Verlatcn, which he found growing on the beach of 
the Island of Krakatau, which since the great eruption of 1883 has remained 
uninhabited. In one case the young palm is partly overgrow^i bv Jpomoea 
denticulata ; in the other, the palm is growing amongst the grass Tschocmuui 
muiicum and, despite the competition with other vegetation, Ihev both 
appear to be holding their own quite successfully. These observatums 
afford satisfactory evidence that ocean-borne nuts can germinate w'hen 
washed ashore on an uninhabited island and bec'ome established without 
the intervention of human agency, and the evidence which has been brought 
forward may be considered to strengthen the view' that the Polynesian or 
East Indian Islands are the original home of the coconut palm. 
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PANAMA DISEASE RESEARCH.* 


[The following is a brief summary of two reports recently submitted 
to the Empire Marketing Hoard on the wr:ier*s research on Panama Disease 
of Bananas at the Imperial College of Tropical Agricnltiire.] 

Introduction .—It is not always that the*first outb-eak of a disease can be 
traced with certainty. 'I his^^is true of I^anana V\ ilt Disease or, as it is 
generally called, Panama Disease. While it may have made its appearance 
in the Western Hemisphere for the first time towards the close of last 
century its wide distribution in the Old World suggests a much greater 
antiquity. It is worthy of note that the disease became noticeable, or at 
least was given attention, about the safne time thaf the banana industry 
had commenced its rapid expansion. "Ihe important results to date regard¬ 
ing Panama Di^ase are the outcome of work by K. F. Smith, who named 
the organism and indicated its capacity for growth in the vascular tissues, 
Ashbv, who isolated the organism and carefully described it in pure cu turc, 
and Brandes, who carried out detailed inoculation experiments whereby the 
pathogenicity of Fusarlum cuhense was conclusivelv demonstrated. This 
important work has been repeated by Hansford and Reinking. 

For all practical purposes our knowledge of Panama Disease mav be 
briefly summarised as follows : it is a Wilt Disease of great severity and is 
associated with the parasitic soil organism, Fusnrium cuhense, on suckers 
and rodts. Several varieties are highly susceptible, hut of outstanding 
commercial importance is the Gros Michel banana (Musa sapi nUtni). 
While the various inoculation experiments described give a clear proof of the 
pathogenicity of F. cuhense^'in no case do possible accessory environmental 
conditions, such as soil moisture, aeration, texture, acidity, humus and 
mineral supply appear to have been' adequately considered. The several 
experimental record.? show great uniformity of method, namely, that steri¬ 
lized suckers in containers of sterilized soil were inoculated with F. cuhense 
and that proofs of pathogenicity after nine or more months were obtained. 
Thus while the beginning and end points of the experiment are usually 
described in detail the records contain no information regarding intermediate 
events. Further, there have been no detailed experiments to test whether 
the attacking power of the organism is influenced bv modification of the 
various external factors. In our present state of knowledge, then, there 
are two definite points of view to be considered. 

1. The disease may be due entirely to internal factors, f.e., to genetic 
constitution which determines lack of resistance to F. cuhense. 

2. The disease may be due to predisposing external factors which 
adversely affect the health of the plant so rendering it susceptible. 

The importance of genetic constitution in this particular instance has 
long been known since the Canary Banana (Musa cavendishii] the Lacatan, 
and others, will grow on land where the Gros Michel has already succumbed 
to disease. The point to be determined is whether this well-known suscep¬ 
tibility is constant for all external conditions or whether it is possible to 
delay or prevent disease by promoting (?) the bad soil conditions under which 
the plant is frequently grown. On general grounds there is much to be 
said for both points of view. 
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On broad ecological grounds there are many reasons why possible 
external factors should receive careful consideration. Field evidence points 
to water supply and aeration as factors of very considerable importance. 
Thus there is very little disease in the Parish of St. Catherine’s in Jamaica, 
and none in Columbia where tjic banana lands are irrigated, i.e., where 
plants are growing under conditions of controlled soU moisture. On the 
other hand disease is of frequent occurrence on stiff soils in regions of 
high rainfall. Disease also occurs on open light sandy soils. Both of the 
latter allow of great variability in conditions of soil moistty'e. 

, On field evidence the second factor, soil aeration, is also likely to 
be important, since most of the untillcd virgin soils, of compact alluvial 
or clay, suO'er badly from mottling indicating lack of adequate ventilation. 

In so far as F, cuhense is mainly a wound parasfte, usually entering 
through the cut end of the sucker, any wounding agency, such as weevil- 
borer {Cosmopolites sovdidiis) nvayk constitute an important accessory factor. 
Tliere is thus a very considerable justification for ^entering on an investiga¬ 
tion of the influence of possible external factors. . 

It IS not necessary to discuss in detail all the implications of a test 
case such as this /.l\, external versus internal factors, but it is clear that 
if it proves to be purely a matter of the hardihood of the plant as detennined 
by genetic constitution tlum no elTort should be sparM to produce an immune 
banana to replace the (iros Michel. On the other hand should the disease 
prove to deptmd on the presence of some external soil factor susceptible of 
modification, then there will.be a tendency in time, as determined by a 
number of economic factors, to make for progress in the treatment and 
improvement of tropical soils. • 

In investigaling the parasitic attack of F. cuhense on the banana there 
are two distinct, though interrelated pathological problems, namely, root 
infection and sucker infection. • 

Foot Inoculation Experiments, —The first report is concerned with root 
inoculation experiments on which iherc has been hitherto only the 
briefest information. Several scries of experiments are described. Actively 
growing roots Irom suckers placed in ventilated moist chambers when 
inoculated at the lip with cultures of F. cuhense did not become diseased. 
The roots continued to grow vigorously so that the inoculum was left 
at some distance behind the apex. More slender roots sometimes showed 
a slight infection. Roots grown in unventilated moist chambers in which 
the carbon dioxide from tlie respiration of the sucker was allowed to accu¬ 
mulate were similarly inoculated at the apex. A dilTcrent resuT from that 
recorded above was obtained. The apex became dark in colour, no further 
growth took place, and a basal cluster of rootlets grew out f.e., the prcs^'nce 
of the inoculum had the same effect as root pruning. Even under these 
conditions the parasitism was not complete and after some days a tardy 
but inefTcctivc apical growth continued, while the lateral rootlets became 
diseased. Several inconclusive inoculation experiments are described. 
These two contrasted experiments then indicate that roots maintained in 
a healthy state are not attacked by F. cuhense, and that COt^ concentration 
is a factor in root infection. 

Roots grown in moist chambers were decapitated and inoculated with 
F, cuhense. A rapid die-back of the roots took place, the youngest roots 
showing the most rapid infection. This is in keeping with the fact that 
F. cuhense is most important as a wound parasite. 

The relation of diseased rootlets to the main root was examined in 
some detail. As the rootlet passes through the cortex to the stele, toxic 
substances from the fungal metabolism tend to diffuse into the cortex with 



lethal etYects on the cells. It was found, however, that this killing* of 
cortical tissue by dilYusion of toxic secretions from tlie rootlets was of limited 
extent, and was held in check by defensive reactions on the part of the 
cortical cells. The latter, stimulated by dilute fun^^al secretions, enlarged, 
divided by walls at right angles to the direction of dift'usion of toxic solu¬ 
tions, and became suberised (/.e., impregnated with cork). The barrier 
of protective tissue thus produced had a cambiform appearance and was 
definitely effective in checking the further advance of either the hyphae of 
F. cuheuse or^ their toxic secretions. Detailed examination showed that 
while the affected tissue was of dark colour, with hyphae in evidence, the 
cambiform lay.er and the tissues beyond were c'lear and translucent and 
free from invading hyphae. In no instan<'e wen* hyphae observed to pene- 
tra'te the ‘suberisedf walls. 

Rclafio}i of Soil Acidity io Root Itifaction,— in order to test whether 
root infection was related to soil acidity, ^alkalinity, or chemical composition, 
different soils were collected, sterili;ded, inoculated with heavy uniform 
spore suspensions of F. cuheose and maintained at a (‘onstant state of 
moistness. RocSls from sterilized suekers were allowed*to grow down into 
the pots of soil. f)n examination of the pots after 15 days and 25 days, 
it was found that, although amply surrounded by F. cnhcnsr, the roots we?*e 
without exception free, from disease and quite unblemished. A definite 
proof was thus obtained that soil acidity and alkalinity, while very important 
in their elTett on soil condition, are not, of themselves, direct factors in 
root infection. In so far as they influence soil conditions, they may, of 
course, be of great importaiu'c in r(K)t infection. 

. Viif^iahtc W'dtey-Siipply and Root Jnfection ,—Suckers polled in five 
diff’erenl soils in 10-inch pots heavily inoculated with F. ciihense were 
examined after 50-90 days’ growth. 'Phe pots were watered daily from 
above afid were supplied f^om l)elo\v by standing in pans of water. TIu* 
more sticky soils were intimately ’admixed with sand to provide ample 
aeration. Under such conditions of. aeration and water supply, vigorous 
root formation takoLi place. A large number of roots, grown in several 
different soils, was thus available for examination. In all the pots the 
majority of roots and rootlets w’ere white and turgid and free from infection. 
Diseased roots were found under two (arcumslances only, namely in the 
top inch of soil u^here occasional drying out takes place and at the pot 
sides, in the top half of the pot, w*here again drying out and heat scorch 
are liable to occur. In the lower half of the pot, where there is a supply 
of capillary water from below, the roots were uninjured, and again at 
the bottom where roots were growing in constant aquatit* conditions there 
was also no disease. 

In the two situations described, however, where soil moisture was 
liable to fluctuate, all stages of root infection were found. Here fungal 
penetration is closely associated with loss of turgor. Invasion of tissue 
varied from superficial blemishing to complete exploitation of the whole 
transverse plane of the root. In the latter event a slow' dying back, 
accompanied by characteristic Panama Disease discolouration of the 
vascular system, was found. In roots where superficial penetration had 
taken place, as the result of physiological shock affecting the outermost 
tissues onl>', it was found that the further advance of the hyphae towards 
the stele was definitely held in check by the formation of well-defined 
suberised cambiform barriers. Diffusion of fungal secretions coupled with 
wound stimulus had induced reactions in the unspecialised cortical cells. 
These consisted of cell expansion, cell division by walls laid down at right 
angles to the direction of diffusion of toxic substances, and the complete 
suberisation of w^alls adjacent to the diseased tissue. Such suberised cam¬ 
biform barriers were definitely effective in checking further fungal invasion 
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and on no occasion were hyphae or their lethal effects observed inside this 
defensive barrier. A large body of evidence is submitted which indicates 
the extent of root injury under these conditions of varitible soil moisture, 
and points clearly to the highly reactive nature of Gros Michel roots, when 
they are grown under conditions.conducive to vigour and health. 

In the work of previous investigators it is assumed, on scanty evidence, 
that (iros Michel roots have only to be exposed to F. ciihcuse to become 
diseased. Hut this is not so. It has frequently been observed, for example, 
that many of the roots ol a badly diseased stool, presumabU* growing into 
soil highly infected with F, cuheusc are free fr^)m disease. I'his has been 
found to be true even of the youngest roots produced from a badly diseased 
rhizome, 'rhcoretlcally, according to previous assumptions, the roots 
should have bec'ome infei ted as soon as the tips came dnlo contact with 
diseased soil. 

'J'hus both field and experimt-mtal evidi^ni'e point to the fact that 
infection of the roots of (iros Mk'hel by F. cuhense^is definitely conditional 
and is referable to at least two factors that are of fij'st importance in 
tropical soils, 'fhese arc soil oxid|ition and variable water silpply. Without 
entering into details it will sulhce to mention that most untilled compact 
virgin tropiial soils are higdily mottled and stand in need of aeration. 
Roots growing in such soils have to contend* with defective aeration. With 
regard to the problem of water supply it has long been known that in 
regions of irrigation, i.c,, of controlled soil moisture, the incidence of 
Ih'inama Disease is at its minimum. 

This investigation by no means exhausts the interesting problem of 
root infection. fhe broad conilusion which has been reached is that root 
infection, while important in the physiology of the plant as a whole, is of 
lesser importance. I'he fundamental problem in banana wilt is that of 
sucker infection. • 

Ohscrviitioiis ofi Sucker Infection, —’J'he second report is concerned 
with observations on sucker infection. In the inoculatic:>n experiments of 
previous investigators, while definite proof of the pSthogenicity of F, 
cuhense to (Jros Michel has been obtained, their memoirs contain little 
information regarding the behaviour of the attacking organism when 
brought into contact with its host. In none of the papers is there detailed 
evidence reg-arding^ the nature or rate of infection, the state of the sucker 
from lime to lime, or the influence of possible* external factors. In short, 
one is Icdt with the impression that the sucker has only to be exposed to 
the organism to become diseased, and that the infection is rapid, straight¬ 
forward and unimpeded. Hut general experience indicates that, almost 
without exception, the analyses and detailed study of the several important 
Wilt Diseases are beffh c'omplicated and variable. These remarks are true 
also of Panama Diseaj^e. 

In a series of preliminary experiments the writer set out to investigate 
the behaviour of the sucker during the early stages of inoculation and to 
determine the nature and rate of fungal penetration. Those experiments 
have proved exceedingly useful and important and have brought to light 
a mass of data hitherto unrecorded. 

Inoculation of Suckers in Moist Chambers ,—Superficially sterilised 
Gros Michel suckers were inoculated at the cut basal end with cultures 
of F, cuheusc. The suckers were then placed in 4,000 cc. closed containers, 
kept suitably moist, and examined after 10 to 25 days. The infection thus 
proceeded in an atmosphere of carbon dioxide from the respiration of the 
suckers. It was found that a noticeable amount of penetration took place 
in 10 days. The tissue was affected to a depth oU 1 to 1.5 cm. At this 
stage the infection was found to be what may for convenience be described 
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as a mass infection, in contrast to its later stages when it is generally 
found as a vascular infection. Even at this early stage In some suckers 
it was observed that, passing out from the region of mass infection, there 
was vascular strands showing the characteristic yellow and red discoloura¬ 
tion typical of Panama Disease. The region of mass infection was dark 

in colour, and consisted of two zones, firstly, a zone invaded by hyphae, 

and further in a zone where the tissue had been killed in advance of the 

hyphae by the diffusion of lethal by-products of fungal metabolism. The 

suckers of th^ immune Canary banana inoculated under the same conditions 
showed only slight infection. Further ‘ experiments .showed that in both 
Gros Michel and Canary sfickers penetration was most extensive in young 
suckers or in meristematic tissue. These observations were uselul in indi¬ 
cating the exten^ and nature of parasitism uhen the suckers are in a 
relatively passive state. Under the same experimental conditions it was 
possible to induce a considerable amount of infection in young suckers of 
the immune Canary banana. • , 

Reaction to Infection, —In these experiments on Gros Michel suckers 
it was found that! after 25 days’ infection, the amount^ of mass penetration 
was not as great tis might have been expected. Detailed observation then 
revealed the fact that further penetration by the fungus was being held 
in check by reactions developed in healthy tissue outside the zone of killing. 
It was found that certain cells enlarged, acquired a prism-like shape, divided 
by transverse walls at right angles to the direction of difl’usion of toxic 
fungal secretions, and became suberised. In fact a protective barrier, not 
unlike a cambium, rendered impervious by-the deposition of suberin (cork) 
in the outer walls, had been formed in response to fungal invasion. It is 
well loiown that such cambiform formations are very uncommon among 
the monocotyledons. These changes are accompanied by the removal of 
storage starch from the reacting tissue. 

Tlie Influence of Fungal Secretions, —Having shown that killing takes 
place in adv^ance by the diffusion of lethal secretions from hyphae growing 
in banana tissue, and also that certain protective reactions take place in the 
sucker itself, the flext stage was to test directly the effect of staled fungal 
solutions. 

Freshly-cut suckers were therefore placed in several culture solutions in 
which F, cubense had been grown for 20 days. On examination after four 
davs it was found that the suckers had reacted to the fungal secretions 
present in the solutions (from which hypae and spores had been filtered off) 
by forming a suberised cambiform barrier comparable to that already des¬ 
cribed. It was found that the reaction of young tissue was much greater 
than that of more adult tissue. 

Reaction of Suckers to Wounding, —Suckers of Gros Michel, Canary 
(Governor) Lacatan and Red bananas were wounded at several points and 
planted in potting compost in which F. cubense and other soil fungi were 
present. After ten days it was found that the suckers of all four varieties 
had reacted to wounding and initial fungal penetration by the formation 
of more or less well-defined suberised cambiform barriers. Deeper fungal 
invasion was effectively held in check by this means. As before it was 
found that meristematic tissue was much more highly reactive than adult 
tissue, the cambiform cells having sometimes six to eight transverse divi¬ 
sions. A detailed comparative account of the reactions of the four varieties 
is given. 

Penetration of F. cubense into Growing Suckers, —A collection of soils 
in 10-inch pots covering a pH range of 5*8 to 81 heavily inoculated with 
F. cubense, was planted up with Gros Michel suckers, the soils were ndt 
sterilised so that in addition to F. cubense the normal fungal flora was 
present. A silt soil, o^n which Panama Disease notoriously occurred, with 
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pH 6-4, was used in this experiment for purposes of comparison. As 
some of the other soils were of a sticky intractable consistency, about 30 
per cent, of sand was intimately admixed. Suckers set in pots of these 
soils, W'ith uniform daily watering, may be regarded as growing under 
physical conditions conducive to vigour and health. Altogether some two 
dozen suckers, grown under sucH conditions for periods of 50 to 110 days, 
were examined in detail. In all the soil mass invasion of the cut basal 
ends of the suckers was found to be limited in extent, and less in amount 
than that produced in closed moist chambers (where CO .2 accumulated) in 
one-third of the time, Vascular -infection was also found to be extensive. 
Again, in all the suckers examined the infected tissue at the cut basal end 
was found' to be. bounded by a well-defined suberised cambiform barrier. 
Thus in the first two to three months of exposure to F. cubense under the 
healthy conditions of pot culture the amount of penetration was singularly 
little. Without attempting to prejudge the final results of inoculation after 
six to tw’clve months these observations provide a definite record of the 
tardy initial penctralio*n under the conditions of ^the experiment. These 
observations are not in keeping with the experimental results of Brandes 
who found that s(?veral young .plants growing in inpculaled soil were 
severely stunted almost from the start. 

In the report a detailed account of the development of the cambiform 
barrier and the suDensation of tne outer walls iA given. 'I'he infected 
tissue was brown in colour, dead, and richly infested with fungal hypbae. 
The cambiform tissue appeared as a clear hyaline layer bounding the 
infected spongy tissue. Inside the cambiform layer was the normal, 
white, starch-filled storage tissue. The cambiform cells sometimes had 
eight to twelve transverse septations. The presence of suberin* in the. 
outer walls of the cambiform layer was demonstrated by various staining 
reactions and also by placing sections in concentrated sulphuric acid when 
all the cellulose tissue was dissolved away lei:wving behind a skeleton of 
suberin. 'fhe presence of suberin (/.e*., cork material) in the cell walls 
renders the latter impervious to liquids and gases. 1'his substance there¬ 
fore not only checks the further penetration of hypha«, but also prevents 
the further diffusion of lethal fungal secretions. In no rase was penetration 
of the cambiform barrier by livphae observed, or the discolouration and 
killing of the component cells by the diffusion of toxic secretions. The 
eflicacy of the defensive mechanism is thus clearly proved. 

It was sometimes observed, however, that cells which were in the 
act of expanding to form cambiform tissue were overtaken by toxic 
secretions before complete suberisation of the walls had taken place. Such 
cells were killed and afterwards invaded by hyphac. 1'herc is thus an inter¬ 
esting race between the protective reactions of uninvaded tissue and the 
diffusion of lethal secretions from infected cells further out. In some 
suckers it was found that two cambiform barriers were formed before the 
fungal invasion was completely checked. 

Penetration into the Vascular Strands ,—In its later stages, Panama 
Disease is over and above ail significant as a vascular disease. This is 
true of most Wilts caused by Fiisaria. In the sucker inoculations described 
in the previous sections it has been seen that the unspecialised parenchy¬ 
matous tissues of cortex and stele resist the mass invasion of F. cubense by 
the development of an impervious suberised cambiform layer, the efficacy 
of which has been confirmed by detailed examination of a large amount of 
material. This barrier, however, is complete in so far as it is traversed 
by longitudinally directed vascular strands. Once hyphac gain access to the 
wood-vessels they may traverse long distances umifnpeded by transverse 
septse, and it is as a vascular parasite that the fungus is usually recongnised 
in both the sucker and aerial pscudostem. ^ 



Most authors by inference suggest that the fungus is in Its most 
favourable surroundings in the wood-vessels, and that, in attacking a 
root or sucker, invasion of the xylem might be regarded, speaking teleogi- 
cally, as the objective. Whether this is the true interpretation or not 
remains to be seen. If recent theories regarding the paucity ol foodstuHs 
in the wood-vessels are correct, one is led to speculate on the reason why 
hyphae should leave well stocked cortical <’ells for the scanty lood supply 
in the vessels. It might he mentioned at this point the hyphae in the 
vessels are mostly unbranched, slender and attenuated, suggestive ol 
growth under adverse conditions. If the amount of foodstuifs in the vessels 
is small, it also follows llAit the hy-prodiuts ol fungal metabolism, /.e., 
the staling products, or toxic secretit)ics, will also be proportionately small in 
amount,, and it becomes a question whether toxi(' substances irom this 
source alone are * responsible for the major Wilt symptoms in the adult 
plant. A more likely suggestion is that mass infection, developed in the 
storage parenchyma, where large cpUKitities of starcdi, protein and cell 
sap materials are avail^^ble for active fungal metabolism, is the source of 
the considerable ,quantiti(‘s of toxic substances requij'ed to produce the 
major Wilt symptoms. 'I'he eliminrition «of such regions of mass infection 
by the formation of protective barriers developed in suckers grown under 
favourable conditions is regarded as important. I'he experimental evidence 
slums that where va^fcular strtuids pass out from limited zones of mass 
infection, only slight and localised discolouration is the rule. 

Diseased vascular strands which had pjtssed throug^h the cambiform 
layer from the small outer zone infection •were examined in detail. The 
presence of fungal secretions and of hyphae in the wood-vessels, and the 
diffusktn of toxic substances from them into the adjoining vascular and 
ground tissue, was found to have induced a number of growth activities. 
Carnbilbrni barriers developed in the ground parenchyma at right angles 
to the ’direction of diifuswn from the vascular strands. In senne of the 
va.scular strands themselves additional changes were observed. Tlu* 
living parenchymatous cells abutting-, on the vess(‘ls had elongated, divided 
by transverse walli^i and, in fact, formed a typical cambiform barrier round 
the diseased vessels. Suberisalion took place on the walls of the cambiform 
layer adjacent to the vessels. J^xamination of other material showed that 
any of the unspecialised v^ascular pareiK'hvma cells were c'apable of taking 
part in the formation of such cambiform barriers. 'I'he reacting cells 
invariably elongated parallel to the drcction of diffusion from the vessels, 
and divided by transverse walls at right angles to the direction of ditfusion. 
Suberisation of w^alls was invariably towards the source of the lethal 
solutions. 

We thus arrive at an interesting contrast. In superficially infected 
roots structural and biochemical changes are brought about by living tissues 
to keep the fungus out of the vascular strands, while in the sucker, where 
hyphal penetration of the vascular strands has been effected through the 
cut ends, comparable changes are made by living tissues to confine the 
fungus and its toxic solutions within the wood-vessels. 

rhese observations, then, go a long way towards explaining why the 
fungus does not escape from the w^ood-vesscls. The importance of the 
physiological state of the sucker tissues, and consequently their reactive 
powers, wiiich are closely related to conditions of grow th, is indicated bv 
such observations. 

Inoculation of Gras Michel Suckers in Presence of IVeeviUBorcr 
{(’osniopolites .s'orJiJa.sj.—Twelve healthy young (iros Michel suckers were 
inoculated on the cut basal end with a central inoculum of F. cubense. 
The.se were planted in .three large boxes of soils of different pH value* 
the original idea of the experiment being to determine whether there was 
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any relation between the amount of infection and soil acidity. Tn all three* 
boxes, after 80 days, some of the plants showed preliminary Panama 
Disease Wilt symptoms while others had ^ood foliage colour, and appeared 
to be perfectly healthy. The suckers were taken out and examined in 
long^itudinal section. In the healthy suckers it was found that only a 
shallow penetration had taken place at the inoculated end. Further infec¬ 
tion had been checked by the formation of a well-defined ( ambiform Iayc*r. 
Vascular infection was inextensive. 

When the diseased suckers were examined, howawer, it w^is Found that 
the stele showed the characteristic yellow and red vascular discoiourations. 
'Fhese extended to the meristem and passed out into the leaf-bases. (.)n 
closer examination it was observed that this well-marked infection had not 
originated through the inoculated basal cut surfa('e. At j the latter point 
the fungus had effected only a comparatively shallow penetration as before, 
and also had been definitely held in check l)y a cambiform layer. A mor<* 
detailed examination then showed that the major vascular infection originated 
at the neck of the sui'ker about soil level and profeeded upwards to the 
meristem and leaves.and downwards to the basal end. ' Iiv most of tlu* 
suckers this was clearly prewed b^’ the fact that the doXvnward infection 
had not yet reached the c ut basal end. h’urthcr investigation showed that 
all the diseased suckers had been invaded In WeeviJ-borer {(\isni()pi>lites 
sordidus). 'The larval burrows could be trac'ed from the outside inwards 
and the disposition of tissue affected by F. cnhi^nsc coincided with the 
extent of the burrowing. Apparently in these suckers the hyphae of F. 
ctibcnse had followed the paths t>f the larvae. I'he damage caused by the 
latter to vasc'ular strands and ground tissue, together with the considerable 
(juantities of food materials made readily axaiJable for the hyphae, ’Ivould 
c'reate a large zone of mass dec.ay from whic'h an extensive amount of 
vascular infec'tion would inevitably result. 

In another experiment (iros Miclic?! s.uckers Il*ad been grown in pots of 
unsterilized soil from a badly infected area on tin* College* grounds. Fhe 
.soil had been further infc'i'tc’d by heavy’ spore suspension of F. ciihoisc. 
.After 115 days four pots showed characteristit' external symptoms of W'ilt. 
W^hen the suck<;rs wa*re examined in longitudinal section it was found that 
the cut basal c'uds were completely protected by well-developcxl cambiform 
barriers, and that vascular infection had not originated from this source. 
I'he marked vascular discolouration in the middle and upper portions of the 
suckers was again definitely associated with larval burrow's. 

All varieties c^f bananas are liable to be attacked by weevil-borer. 
When the (iros Michel banana is attac'ked with F. cithensc present, the 
result is a very effective parasitism by the fungal organism. Without 
elaborating this point further it is evident that the parasitism of F. cahea.se 
in the presence of weevil-borer merits the most c.areful attention. 

lAiterul Injection of Suckers ,—.As F. cithensc is principally a wound 
parasite, tw'o possible points c:)f entry into the sucker, in addition to the cut 
basal end, remain to be considered. These are (a) leaf bases of old leaves 
and (b) root ba.ses exposed by trimming off roots at the time of planting. 

It w'as found that infected leaf bases were bounded internally by a 
characteristic stiberised barrier of cambiform tissue. Invasion through these 
exposed surfaces is therefore checked. 

When roots are trimmed away from the sucker, each root base presents 
a wounded open surface, and theoretii^ally invasion of the sucker through 
the vassels of the root should take place rapidly. Observations ccmducted 
on a large collection of suckers growing in infected soils, however, have 
shown that infection of the sucker does not take place through these points 
of entry, and there are therefore strong indications that some effective 
protective mechanism is in operation. 
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It has already been seen that unspecialiscd tissues may become structur¬ 
ally modified and -suberised so as to prevent further fungal invasion. 

The great ol)stacIe to be overcome by the plant is the blocking of the 
wide wood-vessels to prevent the further passage of hyphae and their toxic 
secretions. It was found in the root bases that this difficulty was overcome 
in two distinct ways, and frequently both were present in the same cross 
section. These weie, (1) by tylosis, i.c., the intrusion of living tissue through 
the pitted walls of the vessel and subsequent enlargement of the tyloses 
inside. These tyloses become closely adpressed and suberised, and prevent 
further penetration of hyphae or diffusion of lethal 'solutions; (2) by vessel 
collapse; dilute solutions of the fungal secretions have a stimulating action 
on living cells; those abutting on the vessels expand considerably and 
bring about a oomplete collapse of the vessels. 

Discussion ,—These reports have been concerned with a statement of 
facts regarding preliminary experimciits on the inoculation of roots and 
suckers rather than ^j^'kh the final implications of such observations and 
findings. The extent of an infection which normally may take a year to 
run its course iq the field cannot be p;*ejudged on Observations limited to 
the first few months of exposure to the parasitic organism. Collectively 
the results obtained so far show that despite the virulent parasitism 
attributed to F, cuhensc, inoculated suckers grown under conditions of 
uniform moisture and adequate aeration resist fungal invasion by defensive 
structural and biochemical modifications. Such growth reactions are always 
in definite relation to the source of infection. Where mass penetration is 
shallow, vascular infection has also been found to be significant. These 
obsei;vations are, of course, set down without prejudice to greater degr^^ps 
of infection that may be found during later phases in the metabolism ot 
the sucker and the life of the plant as a whole. The results obtained are 
simply records of the lirnited parasitism found when suckers arc maintained 
under controlled conditions favourable to healthy growth. 

In dealing with the influence of external factor on sucker infection at 
least two are indicated as being of considerable importance, to wit, carbon 
dioxide concentration and injurious agents such as wcevil-borcr. 

In conclusion, while the evidence submitted in these reports indicates 
that the intensity of the infection and the power of the plant to react are 
conditioned by certain external factors, it would be unwise to prejudge 
final fesults on prelirninary findings. The importance of the observations 
recorded lies, rather, in that they indicate the lines of research and methods 
that will be most profitable to follow, and at the same time they afford a 
definite series of criteria by which the activities of invading parasitic orga¬ 
nisms may be gauged. ® 
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LIMING OF TROPICAL SOILS.” 

Introducion, —While it is gene-rally admitted that the agricultural land 
of temperate countries owes much of its maintained fertility to the frequent 
dressings of limestone, chalk or marl which have been applied to it in the 
past, yet it is only recently that the problem of liming the cultivated soils 
of the tropics has received the attention which it merits. 

It is evident that’a tropical soil, subjected., as it is to more intense 
leaching con-sequent upon the higher rainfall occurring in the- tropics and 
lacking in the majority of cases the beneficial effects of crop rotation, i.s 
prone to become more rapidly deficient in lime than in a soil occurring in 
a temparate zone. 

In 1927, Hardy, who was studyiag the general soil conditions occurring 
in the sugar-cane land^ of Trindad in relation - ^ the susceptibility of 
canes to blight consequent upon froghopper attack, showed ,that, in general, 
soils possessing an atkaline reactiqp supported canes whi(:h were resistant 
to froghopper blighting, while canes growing on soils of acid reaction were 
susceptible to blight. This discovery naturally proved an incentive to the 
further examination of sugar-cane soils in regard to ibeir lime status and a 
considerable amount of interesting data bearing upon this question has 
been collected by the Scientific Committee of the Froghopper Investigation. 

The object of this article is Xo give a short account of the conclusions 
wiiich have been drawn from this work and at the same time to discuss 
possible means for the promotion of an efficent programme for an estate 
liming campaign. 

The Objects of Liming ,—It would be as well, primarily, to describe 
the main beneficial cficcts which are brought about when an application 
of lime is made to a lime deficient soil. 

They are (1) the amelioration of the physical properties of the soil, 
its tilth, etc., (2) the correction of soil acidity, (3) the prbvision of lime as 
a plant nutrient. 

In considering the beneficial effect of lime upon the physical properties 
of a soil, upon its tilth and its general field behaviour, it is necessary to 
have an idea of the modern conception of the composition and properties 
of the soil. 

The finer particles occurring in a soil are those which impress their 
properties upon the soil as a whole. They are the clay, the fine silt and 
the humus fractions. A soil containing but a small proportion of these 
finer particles is sandy and light, a soil possessing a large proportion is 
clayey and heavy. These finer particles may be likened to small sponges. 
They have the property of expanding and absorbing water when wetted 
and of shrinking upon drying out. These small particles further possess 
the property of loosely holding or ‘absorbing* at their surface metallic, 
or in some cases acidic, ions. 

It is obvious that there is an upper limit to the number of ions that 
a soil particle may absorb upon its surface. When this upper limit is 
reached and the whole of the absorptive power of the soil is satisfied with 
'metallic ions the soil may be said to be ‘saturated.* The total absorptive 
capacity of a sandy soil containing a few of the finer particles will naturally 
be relatively small, that of a clay soil containing a large proportion of finer 
particles wil l be relatively large. _ 

* By R. R. FoIk*tt-Smith, B.Sc., A.R.C.S., in The Agricultural Journal of British 
GuianaM Vol. II, No. 2, June 1929. , 
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These absorbed ions held by the soil particle arc mainly confined to 
hydrogen, calcium, magnesium, potassium and sodium. In neutral soils 
calcium comprises* some 80% of these ions. 

The work of Joseph and Oakley in Egypt has demonstrated that it is 
upon the nature of these absorbed ions that the physical properties of the 
soil particles, and c'onsequently of the whole soil, depend. If, for instance, 
there is a preponderance of sodium ions absorbed upon the soil particle 
surface, a condition likely to occur where the soil is periodically inundated 
with sea water, the soil itself tends to be very sticky, it shrinks upon drying, 
it is relatively impermeable, its particles are well dispersed, it attains a 
relatively high density aflwr shrinkage, and it is dilVicult to work. If, on 
the other hand, the majority of ions absorbed at the soil particle surface 
are calcium then the particles are well aggregated, the soil is less plastic, 
it shrinks to a lesser degree on drying, it is more permeable, it attains 
a lower density after shrinkage and it is easier to work. 'Fhe absorbed 
calcium ions appear to confer waterpijoofed effect upon the soil particles. 

It is clear then tkat the application of lime as an ameliorant of the 
defective physical properties of a soil aims at the replacement of other 
ions at the soil particle surface by calcium ions. 

It must be pointed out that the absolute amount of calcium ions absorbed 
at the soil particle surface is no measure of its effect upon the physical 
properties of the soil particle for it is evident that a light sandy soil, 
possessing a relatively low total absorptive capacity, wall be satisfied with 
a smaller amount of absorbed cak'ium than would a heavy clay soil, possess¬ 
ing, as it does, a much larger total absorptive capacity. Absorbed calcium, 
in its relation to the physical properties of the soil, may be more usefully 
measured if the actual amount absorbed be stated as a pe?*centage of the 
total absorptive capacity of the soil. 

It has been shown by rurner that Trinidad cane soils, wdiich are less 
than 60 per cent, saturat'd with ,respect to ('alcium, support canes which 
are regularly blighted by froghoppers, whereas those soils supporting canes 
jesistant to froghopper attack ifpproach a point of complete calcium 
saturation. ‘ 

Experiments by the writer upon the metabolism of the sugar-cane 
show that canes growing in calcium-satisfied, alkaline soils are more 
efficient plants than those growing in an acid, ( alcium-deficient environment. 

It is apparent then that only when approximately 80 per cent, of the 
total absorptive capacity of the soil is satisfied with respect to calcium 
w'ill the soil possess a gt)od tilth and desirable general physit'al properties. 

The correction of soil acidity by the application of lime may prove 
beneficient in several directions. 

The general term of soil acidity may be sub-divided into:— 

(a) Mineral acidity, an elTect due to the continued leaching of the 
soil by natural waters. Such a condition may affect sandy well- 
drained lands and usually occurs in soils eontaininir little org-anic 
matter. 

(b) Orfranic acidity, which occurs in badly-drained soils containing 
relatively large amounts of humus. 

'Fhe adverse nature of an acid soil environment upon the plant may 
be due to the harmful efl'ect of the acidity itself upon the plant or to the 
toxic effects of iron and aluminium w^hich are known to become available 
in soils possessing an acid reaction, or to the effect of the acid environment 
upon the soil bacteria. These factors are operative at one and the same 
time in soils suffering from “sourness” and the relative importance of each 
is a question which is etill at the controversial stage. 
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It is known that the rnicro-orj^anisins responsible for ecllulose break¬ 
down thrive best of all in neutral or slif^lulv alkaline media. One of the 
characteristics of a sour soil, undisturbed by cultivation,- is the appearance 
of a mat of dead vegetation upon the surface of the soil* <'onsecjuent upon 
the diminished activities of micro-organisms. Nitrification,, too, proceeds 
more rapidly at neutral reaction.. Azotobacter, an organism responsible 
tor the direct fixation of nitrogen, is very intolerant of acid conditions 
(below pH b O). 1*he bacteria of legume root nodules are also sensitive to 
acid conditions. 

Again, certain plant disease organisms are known to l*xist only in 
soils of acid reac tion. * A typical example of th\»s may be cit(‘d in the case 
of the ‘finger and toe’ disease affecting turnips, etc. in the northern counties 
of Kngland and (‘aiised by bacteria which thrive in soils of reaction between 
pH, 3 7 and 6*6 but (annut exist in soils possessing an tilkaline reaction. 
The Panama Disease of bananas and the* Rosellinia Disease alT<‘('ling limes 
and cocoa ma\ w(dl be cases of this^sort. 

The question of the'availabilitv of aluminium aii^ iron in toxic amounts 
in soils has received attention from many workers. Mrigistad concluded 
that soils whose* re;fcti<)n values Jie with the range pfj f‘7-8‘5 do not 
contain aluminium in soluble form and are therefore not toxic to plants. 
1'he range of immunity stated above* is probably wider than that found in 
actual practice since it is by no means c'crtain that absorption bv plants is 
confined to the soluble form defined In Magistad. Hu* solubility effects 
of organic ai'ids pr(*si‘nl in the soil upon aluminium and ii'on must also be 
considered. ^ 

W’ork upon the oi'i urrenc'e and c‘lfe(‘ts of aluminium and iron in c'rop 
plants has been ( arric'd on by HofVer and C'arr in Ami*rica working^ with 
mai/.e and in Hawaii by Mefieorge who examinc-d sugar-cane. 

Hoffer and Carr found that iron and aluminium ac('umulatt‘d .at the 
nodes of maize growing on fairly acid^ soils (pH. 5*6-6*2). Continued 
aggregation of these* nu‘tals fmally led to tissue brc'akdown and pr(‘disposed 
the plant to root-rot. Metieorge working- on the ac'ids sugar-cane soils 
of Hawaii made similar observations. He puts tin* iTmit below* which 
available aluminium is present in the soil in toxic amounts at pH. 5*8-6 0. 

Other authorities suggest that the true toxii- eflVc'l of aluminium is 
caused by the c'ondition of impenetrability to nulri(‘nts conferrc'd upon the 
root hair membrane by absorb(*d aluminium. 

'Die definite conditions governing the availability of iron and aluminium 
in soils and the precise mechanism of the toxic (*fTe('t of th(*se elements 
are not yet elearly di‘fined. Suffice it to say that a plant, growing on a 
soil whose reaction approaches neutrality, will not (‘xliihil any of the 
characteristics of aluminium toxicity. 

It has been suggested that tlu* hydrogen iron is the chief loxii* factor 
inhibiting growth in acid soils and this may well be the case in those soils 
where the reaction is such that available* aluminium and iron does not 
(‘xist. It is possible too that the colloids c'omposing the* surfac'es of the 
rtxH hair membranes may be adversely affectc*d by an at id soil environ¬ 
ment. Their pliysieal properties may be so alten‘d as to affect their per¬ 
meability to plant nutrients. 

'fhe probability that a plant grow'ing on a “sour” calcium-deficient 
soil is suffering from a lack of ('aleium ns a plant food must not be 
overlooked. 

The relative importance of all these inhibitory factors which occur 
within a “sour” soil has yet to be defined and could onlv be found for a 
particular set of conditions by direct investigation. 
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It is clear, however, that these conditions which restrain plant growth 
upon acid, lime-deficient soils may be counteracted by an adequate applica¬ 
tion of limestone., ‘ 

The Sotirce of Lime .—The question of the most suitable form in which 
calcium may b*e applied to the soil has long been a source of discussion. 
The efficiency of liming depends largely upon the extent of the surface 
area exposed by the material applied. The surface area exposed depends 
upon the degree of sub-division of the dressing applied. One ton of lime¬ 
stone ground,to pass a hundred-mesh-to-thc-inch sieve will possess a surface 
area ten times as large as will one to*ir of limestone passing only a ten- 
mesh-to-the-inch sieve. The degree of sub-division of the dressing is 
therefore of paramount importance with regard to its efficiency. 

Burned lime*'and slaked limestone were formerly preferred to ground 
limestone as a source of lime chieflv on the score of their more finely 
divided condition. With the introduction of improved pulvc^dsing machinery 
it is now possible to cjbtain ground limestone in a •finely divided state and 
any preference \vhich may have previously been held for the use of quick¬ 
lime or of slaked^ lime on the score of ^ts greater sub-division has largely 
disappeared. In fact, the only information at present possesed as to the 
comparative value of these three sources of lime as an ameliorant of the 
physical condition of •tropical ^oils definitely favours the use of pulverised 
limestone. Turner has had the opportunity of examining the soil conditions 
obtaining in an estate experiment designed to compare the efficiency of 
the different sources of lime and has sh«)wn that a di'cssing of ground 
limestone was the only application which produced a significant increase 
in the’ yield of cane and a.definite rise in the degree of saturation of the 
soil with respect to lime. 

There are also several practical considerations which favour the use 
of pulverised limestone. It may. be stored indefinitely without fear of 
deterioration and it may be easily .applied with the minimum of discomfort. 

Limestone Specification .—While no definite specifications have been 
laid down with regard to pulverised limestone, it is agreed that it should 
contain not more than a small amount of magnesium carbonate and that it 
should be finely divided. On the other hand diflicultv in application may 
be experienced if too great a state of sub-division is obtained. The following 
conditions will perhaps best define the product to be recommended :— 

(1) That all the materials should pass through a seive of 10 meshes 
to the linear inch. 

(2) That fifty per cent, of it should pass through a seive of 100 
meshes to the linear inch. 

Application of Limestone .—Not only should the soil particles be 
saturated with respect to calcium but the soil itself should contain a reserve 
of calcium carbonate if optimum conditions of soil tilth are to be maintained. 
Any restitution of calcium at the soil particle surface will be carried on at 
the expense of this reserve. If this store of lime is exhausted the degree 
of saturation of the soil with respect to lime progressively diminishes and 
by reason of the impaired permeability of the soil a large dressing of lime- 
tone may take a comparatively long time to effect improvement. It is 
obvious therefore that the calcium statas of a soil should be maintained 
by periodic small dressings of lime. With an originally unsaturated soil 
however, experience has shown that a single relatively large application of 
lime will produce more^ immediate results than will small annual dressings. 
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In view of what has been said with regard to the relative impermeabi¬ 
lity of heavy soils unsaturated w'ith respect to lime, it follows that all possible 
care should be taken to make the incorporation of lime aixl soil as complete 
as possible. Experience in Trinidad has shown that dressings of limestone 
did not penetrate to any extent below the level to which the soil was 
wo-rked. 

Duration of Effect ,—Little information is available as to the probabK* 
duration of the effects of an application of limestone to tropical soils. Such 
a question depends uppn the interplay of various factors chief among which 
ave the thoroughness of the application, the texiure of the soil, the rainfail 
and previous manorial treatment. Heavy soils w^ill retain their lime content 
for a longer period than will light sandy soils. Since IrofTical soils undergo 
a more intense leaching action, consequent upon the heavier rainfall, than do 
soils of the temperate iiones it seeing probable that the duration of effect of 
limestone application in*the tropics w'ill be shorter tfean that experienced on 
soils oT temperate countries. • ^ 

Initial ion of Liming Programfnc ,—It is hardly necessary to point out 
that the initiation of an estate liming programme should be preceded b\ 
a thorough examination of the lime requirements of the estate’s soils. 
Further, yield responses should be correlated with periodic laboratory 
examination of the treated soils in order that the soil chemist may confi¬ 
dently predict the performance of the soil consequent upon the application 
of limestone dressings. 

It would not he out of place to mention at this stage, a few of the 
indications characteristic of soil unsaturated with regard to lime and 
enumerate a few of the methods of use in the expjoration of the lime* status 
of soils. 

A soil unsaturated with respect to lime cracks badly upon drying out. 
The dried-out soil possesses relatively great mechanical strength, it does not 
readily crumble. It lias been noticed in Trinidad that nut grass thrives 
upon alkaline calcium-satisfied soils but fails to establish itself upon 
acid, calcium-deficient soils. It may be noted in passing that McGeorge 
has demonstrated the toxic effects of aluminium upon nut grass. 

Of the qualitative laboratory tests which may be applied perhaps the 
most simple and useful is that suggested by Comber. It has been applied 
to cane soils and it is to be recommended in that it requires no special 
equipment and that the reagent covers the range of reaction likely to be 
met with in soils. 

The use of indicators such as brom-thymol blue, phenol red, chlorphenol 
red and brom-cresol green for measurement of soil reaction is difficult of 
application and yields but rough figures as a result. 

The employment of the quinhydrone electrode in spite of the somewhat 
expensive nature of the apparatus is much to be preferred in soil reaction 
studies. The method has many advantages over the colorimetric methods 
chief among which are the rapidity with which soils may be examined and 
its relatively high degree of accuracy. It should be noted that it becomes 
inaccurate when called upon to measure reactions more alkaline than pH 
7*8 and that it does not yield reliable results in the examination of soils 
contained in small amounts of manganese. These conditions, however, are 
likely to occur in few, it any, of the cultivated soil» of the colony. 
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Of the methods; aviiilaWe for the determination of the lime requirements 
of soils perhaps the most useful is that proposed by Hardy and Lewis. 
Among its advantages are its simplicity and its rapidity (as many as twenty- 
five soils may examined during a working day). The possession of a 
quinhydrone electrode outfit, however, is necessary. 

SUMMARY. 

Work in Trinidad has demonstrated that the lime status of soils which 

f 

are subjected to intense leaching and upon which no system of rotation 
is practised is a question* of paramount importance and should receive 
ample consideration prior to the formation of a raanurial campaign 
employing other mineral fertilisers. 

The above article describes the beneficial effects to be obtained by 
an adequate application of limestone* to calcium-deficient soils. It also 
outlines the deleteriouff factors operating upon crop plants growing in acid 
soil environments. In the light of work recently cacried out in IVinidad 
the use of pulverised limestone ns a source of lime is advocated. A speci¬ 
fication for pulverised limestone is described. The application and 
duration of effect of'dressings are discussed. Laboratory methods appli 
cable to the study of the lime status of soils are suggested. 
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NEW EMPIRE INDUSTRY.' 


TUNG OIL. 


T he production of Tunj^ Oil in Ceylon, a valuable l-aw material 
used in the‘manufacture of paint and. varni.sh, is to be assisted 
by the Empire Marketing Board. Grants have been made to the 
Royal Botanic (hardens, Kew, for the distribution of lung- OiJ 
seed in Empire countries, and to the Paint and Varnish Research 
Association for an investigation into the ('hemical and technical properties 
of the oil. Some time ago the Imperial Institute set up a Tung Oil 
Sub-Committee to fostei* Empire protection of the^oil, and the Empire 
Marketing Board’s grant follows this Committee’s recominendations. 

Until very recently China was practically the sole supplier of the Tung 
Qil requirements of the world. Its use during the war in the manufacture 
of certain water-resistant varnishes which were needed for aeroplane woric 
first brought its importaiui* to the for(‘. • • ^ 

Great Britain is still almost entirely dependent on China for supplies. 
In 1927 China exported 2,659 tons direct to thi.s country, but nearly thixe 
times this amount w^as exported .to Hongkong, and a large percentage of 
this found its way to^Cireat Britain. Whereas there is a steadily increasing 
demand for the oil, the supply is very unlikely to increase and is "both 
fluctuating and irregular in quality. There is a clear case, therefore, for 
the development of its production in the overseas Empire. 

Experimental cultivation trials which are in progress in twxlve of the 
Dominions and Colonies have already showai that Tung Oil does exceedingly 
well in many parts of the Empire. Experiments in Kenya in particular 
indicate that this (T^lony, and possibly other parts of Africa, are ideally 
suited to the growth of the Candle Nut Tree, as it is also called. Trees 
planted in 1922 at 5,500 feet have yielded fruit which has given a most 
satisfactory analysis. More seed was sent out from Kew in 1928 and 
Dr. Jordan says that Tung Oil is now being watched everywhere from Kenya 
to the Cape—Nya.saland, Tanganyika, the Rhodesias, Tran.svaal, Natal, 
Cape Province and Nigeria. 


KEW A SEED BROADCAST CENTRE. 

Experiments were started some years ago in India, Ceylon, Malaya, 
Burma, Kenya, Hongkong, Tanganyika and South Africa. In 1919 plant¬ 
ings were begun in New South Wales, and there are now' about 1,000 trees 
under plantation in this State yielding satisfactory oil. Seed was sent hv 
Kew in 1928 to a number of countries, including India, Ceylon, Cyprus, ih(' 
West Indies, Jamaica, Bermuda, Palestine, Australia and New Zealand. 
The purpose of the grant to Kew is to encourage the continuance of this 
seed distribution, and to buy fruit for experiments on decortication and oil 
extraction which arc to be undertaken by a cake mill firm. 

The Paint and Varnish Researdi Association will make a comparative 
study of the technical properties of Chinese, American and Empire-grown 
Tung Oil. Supplies of the latter for test will be received shortly from 
Kenya, New South Wales, Hongkong and possibly India. There are various 


* Supplied by the Empire Marketing Board. 
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other problems which the Association will tackle* Two species of Tung 
Oil tree are at present known, and 90 per cent, of the commercial oil is 
derived from one of them. Certain experiments have indicated that the 
othe; variety, which is less hardy but quicker maturing, may prove more 
suitable for cultivation in Empire countries. It is possible, however, that 
this variety yields an inferior oil, and it* is absolutely necessary to find out 
whether it is equally suited to manufacturers^ purposes before its cultivation 
can be recommended. 

< A NEW KIND OF CAKE. 

It is also possible that further research will indicate additional uses 
for Tung Oil; for instance, it may play a part in the manufacture of 
jinoleum. The value of cake made from the residue ‘after extraction of 
the oil* is also fo be investigated. It is possible that a new agricultural 
feeding stuff may arise out of the industry. Professor F. C. Drummond 
of University College, London, is to experiment with the cake on small 
animals, and this will be followed up," if sufficiently promising, by tests on 
farm animals. 

f 

Tung Oil fcuits contain a high percentage of oil and compare very 
favourably with linseed and cottonseed. The kernels contain about 58 per 
cent, oil by analysis and yield jn practice about 40 per cent. About 
6 lb. of fruit give •! lb. of oil. The trade is considered very profitable 
by the Chinese, whose methods of production and extraction are still pri¬ 
mitive, and it is probable that, if Tung Oil were grown on plantation lines, 
an improved yield of both fruit and oil wopld bring in a handsome return to 
the grower. 
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MEETINGS, CONFERENCES, ETC. 

BOARD OF AGRICULTURE. 

ESTATE PRODUCTS COMMITTEE. 

Minutes of the forty-sixth meeting of the Estate Produots Committee 
of the Board of Agriciilture heid at the Head Office of the Department of 
Agricuiture at 2-30 p.m. on Tuesday, November 12, 1929. 

Present: —The Acting Director of Agriculture (Chairman), the Acting 
Mycologist, the Acting Entomologist, the Agricultural Chemist, the Hori. 
Mr. A. Mahadeva, Mr. S. Pararajasingham, Mudaliyar S.M.P. Vanderkoen, 
Messrs. T. B. Kobbekaduwa, R. P. Gaddum, A. T. Sydney Smith, A. W. 
Warburton-Gray, J. P. Blackmore, J*ames W. Fergjuson, G. O. Trevaldwyn, 
Dr. Roland V. Norris, Sir James Peiris, Sir Solomfcn Dias Bandaranaike, 
Messrs. Gordon Pyp.er, John A Coombe, A. W. Ruxton, C. C. Vd iers, 
J. Sheridan-Patierson, G. B. Foote, J. Fergusson, N. D.’S. Silva, Graham 
Pandittasekera, C. E. A, Dias, Chas. A. M. de Silva, A. W. Reid, F. H. 
Griffith, F. A. E. Price, J. D. Dunlop, T. E. H. O’Brien and Mr. L. Lord 
(Acting Secretary). 

Visitors :—Messrs. N. K. Jardine, J, C. Haigh, Huntley Wilkinson, 
C. E. Seneviratne and W. G. Berry. 

Letters or telegrams regretting their inability to attend were received 
from Messrs. Allen Coombe, G. C. Slater, H. L. de Mel, J. E. P. Rajapakse, 
C. C. du Pr(^ Moore, G. R. de Zoysa, John Horsfall, Gate Mudaliyar A. E. 
Rajapakse, the Hon. Mr. D. H. Kotalawala, the Government Veterinary 
Surgeon, the Government Agent, N.P., and the Government Agent, S.P. 

AGENDA ITEM I,—CONFIRMATION OF MINUTES. 

The minutes of the last meeting, which had been circi^ated to members, 
were taken as read and were confirmed. 

AGENDA ITEM 2.—PROGRESS REPORT OF THE 
EXPERIMENT STATION PERADENIYA FOR THE MONTHS 
OF SEPTEMBER AND OCTOBER, 1929. 

The report, which had been circulated to members, was reviewed by 
Mr. Lord. Mr. Gordon Pyper said that he had lately visited the Experiment 
Station and that he considered the pruning referred to in the report much too 
drastic, that recovery would be slow and that he apprehended many casual¬ 
ties. Mr. Lord replied that the method of pruning was the same as had 
been employed previously and that as the area was under experiments no 
change could be made without affecting the experiments. Mr. Ruxton 
stated that it would be advisable to consider altering the method of pruning 
as the results of the present experiments would not be applicable to modern 
estate practice. The Chairman suggested that the matter be brought up 
at the next meeting by which time Mr. Holland who had laid down the 
experiments would have resumed charge of the Experiment Station, This 
was approved by the meeting. In reply to Mr. Pyper, Mr. Lord stated 
that the pruning mixture consisted of 100 lb, basic slag and 60 lb. sulphate 
of potash, being the same as that used previously. Mr. Foote said that 
the list of Ceylon mother-trees being used at the Iriyagama Division did 
not include tree No. 6278 in field No. 4 of Waga Estate. This was a 
high-yielding tree which he thought ought to be included. The Chairman 
promised that inquiries should be made and pointed* out that the list was 



by no mcaris final. Records of mother-trees were still being taken and 
would be examined by the Rubber Research Scheme. Mr. Pyper said that 
the drains in the soil erosion experiment plots were too steep and that it 
would be advisable to have plots treated in accordance with modern practice. 
The Chairman pointed out that when the experiment started the system 
of drains was similar to that in use oh* many tea estates. Methods were 
continually improving but it was impossible to be continually altering 
experiments. He agreed that other treatments were desirable in order to 
obtain mpre information on tliis very important subject but thought that the 
best method^ was to ad<l to the numhej* ol plots if and as circumstances 
permitted. He promised *.o look into the matter with the Manager of 
Experiment •Station. Mr. (iaddum asked if there would be any restriction 
on the sale of bud-w^ood of the Malayan clones mentioned in the report. 
The Chairman replied that hud-wood of at least one Malayan clone had been 
procured subject to certain restrictions on future use. Speaking of the 
importation of bud-wood or budded slumps into Ceylon, Mr. Foote asked 
if the Director of Agriculture could arrange for •there to be no delay in 
clearing shipments at Colombo. His last consignment had been held up at 
the Fumigatdrium as the necessary documents had not been received. The 
Chairman undertook to look into the matter. I'he progress Report was 
then adopted. 

AGENDA ITEM 3.—KALUTARA SNAIL. 

1'he Chairman optaied discussion by directing attention to the memo¬ 
randum, which had been circulated, on the control of the Kalutara snail 
by the Ruddy Mongoose and by ducks. In the course of the discussion which 
followed Sir Solomon Dias Bandaranaikc stated that the Red Crow was well 
kno\\bi to eat the snail. .Mr. Foote said that this bird came under the 
Vermin Act in India as it destroyed other birds* egg. Mr. Trpvaldwyn 
thought that collecting the snail was successful but this view was opposed by 
Messrs. Foote and Sydficy Smith, In reply to a question as to w^hether 
burying the snails collected would kill them Mr. TrevaJdw^yn replied that 
it would. Sir Solomon Dias Bandaranaikc added that the snails should be 
covered with limb before burying. Mr^. Ruxton asked if the bodies of the 
snails had any mamirial value. Mr, Joachim replied that hp had not made 
any analysis but that he thought they would be of some use. Referring 
to control by ducks Mr. Foote said that one difficulty wa)uld be to move 
the ducks Irom onp part of the estate to another. The discussion was 
concluded by the Chairman who said that he would make inquiries from the 
Colombo Museum as to the desirability or otherwise of having the Ruddy 
Mong-oosc and the Red Crow^ protected. 

AGENDA ITEM 4.—CHILAW COCONUT TRIAL GROUND. 

I he Chairman explained that this item of the agenda had been con^ 
sidered at their last meeting when it was decided to postpone further 
discussion until members had had the opportunity of studying the 
memoranda on the trials and on the proposed new experiments* The 
necessary papers had now been circulated. At the last meeting thp Hon. 
Mr. Mahadeva had suggested that on the next agenda it should be stated 
that the question of continuation of the trials was to be decided. He 
wished to apologise for this having been inadvertently omitted. The 
Chairman stated that there were three possible courses open to them : one 
was to abandon the experiments, a second was to continue the present 
experiments and a third^ was to discontinue these and to lay down a new 
experiment on modern lines. He had jL>een in communication lately with 
Mr. Martin, on whose estate the experiments were being conducted, and 
Mr. Martin was quite willing that they should abandon the present experi¬ 
ments and commence-a new series, at the end of which he hoped the 



department would devote the money given for these trials to apply a 
general mixture for a few years in order to recondition the area used for 
the trials. Mr. Joachim had submitted certain propos&ls suggesting the 
lines of the new experiments, which would take from three .to four years. 

Mr. Mahadeva said that he had spoken to Mr. Martin, who was against 
the experiments being discontinued and had also remarked that the land 
had considerably depreciated as a result of the trials and that he felt he 
had a right to claim compensation in respect of the land. The Chairman 
said that some of the plots might have deteriorated and that •Mr. Sheridan- 
Patterson could give exact information. Mr. ^ Patterson stated that plot 
No. 12 which had been constantly disc-harrowed was an extremely bad case 
and that it was hardly fair to the estate to continue carrying out experiments 
which were going to lessen the value of the land. Dr. Norris asked what 
would be the relation between the Coconut Research Scheme and the new 
experiments. Were they to be conducted by the Department or would 
the Scheme take them^wer? The ^Chairman said, they would always be in 
the hands of the Department because the money \^oted by the Legislative 
Council was departQiental money entirely. However, he supposed there 
would be co-operation between tht* two bodies. Dr. Norris said that if the 
Coconut Research Scheme was to be concerned with these experiments it 
seemed rather unsound policy to lay down^ experiments which might last 
four or live years and thus lie the hands of the new Director by leaving 
him a legacy of this kind because it was possible that he would have other 
views. The Chairman remarked that the legacy would be the lesponsibility 
of the Department of Agriculture. A general discussion then ensued which 
w^as entered into by Messrs. Sydney Smith, Dr. Norris, Mr. Joachim, 
Mr. Dias, Mr. Fergusson, and Mr. J. P. Blackmore after wdiich it was 
decided that, in view of the unsatisfacioriness of the present experiments 
and the impossibility of obtaining reliable results from a new experiment 
owing to the residual elfects of the old treatments, the old experiments 
should be discontinued and that a general mixture should be applied to the 
plots for a number of years to bring baek the plots to a satisfactory level 
c^f fertility. Mr. Dias thought it would be found there \t'as little difference 
between the yields of the plots before the experiments were started and 
the yields at the present time and suggested that the Chairman should 
have the figures worked out. 'Fhe Chairman agreed to arrange wdth 
Mr. Martin the particulars of the application of the general mixture. 

AGENDA ITEM 5.—TEA TORTRIX REGULATIONS. 

The Chairman invited Mr. Jardine to review the returns which had 
been tabled. Mr. Jardine stated that along with the statement of egg 
masses collected during the period July-September 1929 he had prepared 
a summary of the results of the quarterly periods for the last two years in 
order that members could see the general position, progress and seasonal 
fluctuations. He w^ished to remind members of the Committee that it was 
decided at the commencement of the Tortrix campaign to concentrate only on 
those districts which were known to be badly attacked, namely, Ambega- 
muwa, Dickoya, Lower Dickoya, Maskeliya and Dimbula. It was very diffi¬ 
cult to submit figures which were brief and at the same time comprehensive. 
In considering the figures he recommended a comparative study of the 
returns for similar periods, taking into account also the rainfall. It would 
be seen that certain estates had reported no Tortrix at all. He trusted that 
they would be able to judge from the records whether the measures adopted 
had done any good in the way of eradicating or even lessening Tortrix 
in those districts which were considered to be most seriously affected and 
added that the returns from all estates, and in particular those in the five 
chief Tortrix districts, were very encouraging, Thef percentage of returns 
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from Ambegamuwa was 82, from Dickoya 87, Lower Dickoya 94, Maskeliya, 
99 and Dimbula 96. This had greatly facilitated the work of compiling 
figures. The Chairman asked Mr, jardine if he could say definitely that 
collection of egg masses was effective in reducing tea Tortrix. Mr. Jardine 
said that it was impossible to give a definite answer but was of opinion 
that the regulations were of use and that they would be of help to the 
Tea Research Institute. The Chairman thought that the best course would 
be to leave the matter entirely in the hands of the planting districts con¬ 
cerned and abide by their decision as to whether they were in favour of the 
regulations being continued or not, in the latter case the regulations could 
be repealed. 

Mr. G. O. Trevaldwyn said that, regarding the Dickoya districts of 
the 65 replies received, 49 were in favour of the continuation of the regula¬ 
tions and 16 against. He thought that the general feeling was in favour 
of the continuation of the regulations. He would like to see the investiga¬ 
tion carried out on scientific lines with co-ordinatign between the collecting 
authority and the T^a Research Institute. Without this he was afraid 
the figures wouFd be of no value. 

The Chairman said that he had referred the matter to the Planters’ 
Association and through it to the district associations. He had not had 
any information from the district associations yet, but he noticed, from 
the press, that there had been discussions on the subject by certain associa¬ 
tions, indicating their desire to continue the regulations. The policy he 
would like to see adopted was the scientific investigation suggested by 
Mr. Trevaldwyn when the Entomologist* to the Tea Research Institute 
arrived. 

Dr. Norris thought it would be unfortunate if the regulations were 
withdrawn after only two years^ trial, particularly as there had been 
abnormal climatic conditions this year. Mr. Villicrs said that he could give 
no official pronouncement as to the views of the Planters’ Association but 
believed that there was a general feeling in favour of continuing the 
regulations. Mr^ Sydney Smith said the measures adopted had been 
beneficial and that he would like to see the trial continuec for five years. 

The meeting agreed to the Chairman’s proposal that the regulations 
should be kept in force, if the district associations concerned wished them 
to be retained, 

AGENDA ITEM 6.—ROOT DISEASE. 

The Chairman drew attention to two papers which had been circulated 
to members, one of which was a summary of the discussion of root diseases 
at the Imperial Mycological Conference and the other a note on recent 
work on root diseases in Ceylon prepared by the Acting Mycologist. 

There was no discussion and the Chairman concluded the meeting by 
stating that, if members desired it, the January 1930 meeting would be 
held at the Experiment Station, Peradeniya. This proposal was approyed. 

L. LORD, 

Acting Secretary, 

{ Estate Products Committee. 
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MATARA DISTRICT AGRICULTURAL 
COMMITTEE. 


P 


ROCEEDINGS of the 12th Meeting of the District Agricultural 
Committee held at the Kachcheri on the 19th November, 1929, 
at 2 p.m. 

Attendance, —Present Mr. R. M. M. Worsley^ C.C.S., in the 
chair and the following * members : Messrs. W. C. Lester-Smith, 
Divisional Agricultural Officer, D. SamaraweeVa, E. J. Buulijens, W. R. 
C. Paul and R.- C. Kannangara, and Mudaliyars W. A. Ameresekere, 
H. E. VVickremeratne, W. A. Wijesinghe, F. A. Wickremeratne and 
A. B, W. Jayasekera. 

Minutes. —The minutes of the previous meeting held on 11th July, 1929, 
were confirmed. , * 


Results of Competitions. —Tabled results of competitions for 1929, 
Allocation of prizes to competitions for 1930. —^I'ablfd letter No. D1268 
of 22nd October, 1929, from the Director of Agriculture re allocation of 
Rs. 500/- for prizes for competitons for 1930. 


COMPETITIONS FOR 1930. • 


It was decided that the garden competitions and the paddy competitions 
were of very little value and that they should be discontinued. 

A proposal made by the Mudaliyar, Gangaboda Pattu, that there should 
be competitions for home gardens for school children was rejected, ^s such, 
competitions are already in existence, organized by the Agricultural Depart¬ 
ment and paid for from another vole. The D.A.O. undertook to consider 
the wider extension of these competitions. , 

It was decided that separate competitions should be held this year for 
each pattu or korale for the best paddy lot, and that entries should be res¬ 
tricted to plots on which manure was used. Three ^Drizes of Rs. 50/-, 
Rs. 20/-, and Rs. 10/- to be offered for each Chief Headman^s division. 
But the Committee reserves the right to reduce or cancel any of these prizes 
if the number or standard of the entries is not satisfactory. 

The D.A.O. undertook to draft the necessary leaflets advertising the 


competitions 

JUDGES. 


The following judges 

were appointed to 

associate with the D.A.O. in 

judging the competitions : 

— 


1. Four Gravels 

The Mudaliyar and Mr. G. H. Altendorff. 

2. Weligam Korale 

do 

and Mr. Samaraweera. 

3. Morawak Korale 

do 

and Mr. R. C. Kannangara. 

4. Wellaboda Pattu 

do 

and Mr. Altendorff. 

5. Gangaboda Pattu 

do 

and Mr. Altendorff. 

6. Kandaboda Pattu 

do 

and Mr. Altendorff. 


VOTE OF APPRECIATION. 

A vote of appreciation of the services of Mr. Lester-Smith, the D.A.O., 
was proposed by the Chairman, seconded by Mr. Samaraweera and was 
unanimously passed. 

WILLIE AMARASEKERA, 

Hony. Secretary. 


Matara, 19th November, 1929. 
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DEPARTMENTAL NOTES. 

PADDY. COTTON AND VEGETABLE 
CULTIVATION COMPETITIONS IN MANNAR 

DISTRICT. 


PADDY manuring COMPETITION, 
MANNAR DISTRICT, 1928-29. 

c 

A paddy manuring competition was held in Mantai North, Mautai 
South, Nanaddan East and Nanaddaii ^N'cst during Kalapokam 
season, 1928-29, with 70 entries. Som^e cultivators transplan¬ 
ted their £elds, while the rest appliecl green and farmyard 
majrjiue. The Agricultural Instructor of the district helped 
tlie cultivators wkh advice. The following* were the* prize-winners :— 



MANTAI SOUTH. 


1. 

Marisal Lawrence of Mathalaikalty 

Ks. 1500 

2. 

Philippu Thevar Ciaspar of Nilascnai 

„ 1000 


MANTAI NORTH. 


1. 

A Philippupillai of Kannaddi 

„ 1500 

2. 

Arokkiam Crocs of Adampan 

„ 1000 


NANADDAN EAST. 


1. 

P. Jeremiah of iCiurunkan 

„ 1500 

2. 

A. Seemampillai of Murunkan 

„ 1000 


* NANADDAKI WEST. 


1. 

Marisal Manavalpillai of Nanaddan 

„ 1500 

2, 

N. Manavalpillai of Nanaddan 

„ 1000 


GARDEN COMPETITION, MANNAR DISTRICT, 

1928-29. 


Competitons were held in Mantai North, Mantai South, Nanaddan 
East, and Nanaddan West during Kalapokam season, 1928-29 for 
vegetable growing with 63 entrants, fifteen of whom cultivated over 10 
varieties of vegetables. The following were adjudged winners:— 


MANTAI NORTH. 

1. Visentih Pirakasani of Kattankulam ... Rs. 18*00 

2. Bernard Arokkiam of Adampan ... ,, 12*00 

3. Aramukan Mathathampi of Papamoddai ... ,, 6*25 

MANTAI SOUTH. 

1. M. Santhan of Palhukomam ... ,, 18*00 

2., B. Kanagasabai of Periyanavatkulam ... ,, 12*00 

3. A. Perusinavaiai Manuel of NUasenai .. .w - 6*25 
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NANADDAN EAST. 

1. Phillippu Mikkel of Murunkan ,, 18*00 

2. Makhosa Veranadatha of Parikarikandal ... ,, 12*00 

3. Anthoni Visuvasam‘of Chundikkuli ... ‘ ,, 6*25 

NANADDAN WEST. 

1. Benjaminparikari Philippupillai of Suriyathitjvar 

Kaddaikkadu 

2. M. Gabriel of Nanaddan- 

3. C. M. Mariyampillai of Naiiaddam • 


COTTON CULTIVATION COMPETITION IN VANNI 
VILLAGES OF MANJAI DIVISION, MANNAR 

‘district, 1928-2&* 

— • 

• 

A cotton cultivation cx)nipetftion was held in thp Vanni villages of 
Maiitai Division during 1928-29. "J'he Cambodia variety of cotton w'as 
cultivated on chena lands. 'Ilie judging was carried'out by the Agricultural 
Instructor of the District and the following were adjudged winners :— 

1. A. Kanthappa of Palampiddi ... Rs. 15*00 

2. K. Kanapathi of Palampiddi ... ,, 10*00 

3. S. M. Nellinathapillai of Iranaillapaikulam ... ,, 5^00 


PURE-LINE PADDY CULTIVATION 
COMPETITION, TRINCOMALIE DISTRICT. 

1928 - 29 . 

paddy cultivation competition was held in Tamblegam during 
the Pinmari season of 1929. 

Ten cultivators entered the competition. The Agricultural 
Instructor, Trincomalie, visited the fields and gave all necessary 
advice and carried, out the preliminary judging and the final 
judging was done by the Vanniah assisted by a prominent agriculturist and 
the Agricultural Instructor. The heavy rains during cultivation and sowing 
time were a setback to the competition, but the prize-winners displayed 
keenness in their attempts to maintain their fields from weeds. 

'fhe following were adjudged winners:— 

1. P. Nalliah of Kadampai Rs. 30*00 

2. Kathiramathamby of Kovilkudyirrappa ... ,, 20*00 

3. S. Kaliappu of Paddimeda ... ,, 10*00 



„ 18*00 
„ 12*00 
„ 6*25 
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VEGETABLE GARDEN COMPETITION, 
BATTICALOA DISTRICT. 


A vegetable garden competition was organised by the Food 
Products Committee, Batticaloa, for the encouragement of 
increased cultivation of vegetables in the district. The com¬ 
petition was very successful. 

In Wewegam, Bintenne and Panama Pattus where chena 
products only are generally cultivated, the competition induced the villagers 
to grow vegetables. 

The following were adjudged winners:— 




BINTENNE PATTU. 


l. 

Appuhamy Karxliah of Dambadeniya 

Rs. 20 00 

2. 

H. 

Mpha^nadu of Harasgala 

„ 1000 



ERAUR KOI^ALAI 


1. 

S. 

Rasiah of Sengalady. 

„ 20 00 

2. 

T. 

Thamothoram of Sengalady 

1500 

3. 

N. 

Sabapathipillai of Eraur 

■ 1000 



MANMUNAI NORTH 


1. 

K. 

Kandaih of Saturukendan 

„ 2000 

2; 

G. 

Poopalapillai of.Kokavil 

„ 15 00 

3. 

S. 

Muttaih of Saturukendan 

„ 1000 


MANMUNAI SOUTH AND ERUVIL PORATIVU. 

1. 

V. 

Kandapody of Kodamadu 

„ 2000 

2. 

P. 

Alagippdy of Magilarmiinai* 

„ 1500 

3. 

A. 

Mylipody of Magilarmunai 

1000 



KARAVAGU PATTU. 


1. 

K. 

Kandiah of Kalmunai 

„ 20 00 

2. 

A. 

Vykalipedy of Periyanulamunai 

„ 1500 

3. 

V. 

Gnanamuttu of Periyanulamunai 

„ 1000 



AKKARAIPATTU. 


1. 

K. 

M. Kalimeepam of Kalavil 

„ 20 00 

2. 

K. 

Sinnapillai of Kalavil 

„ 1500 

3. 

S. 

Nagamanai of Addalachhenai 

„ 1000 



PANAMA. 


1. 

A. 

S. Methir of Pottuvil 

„ 20 00 

2. 

S. 

Muhallam Meera Lebbe of Pottuvil 

„ 1500 

3. 

R. 

Cassim Bawa of Potuvil 

„ 1000 



WEWEGAMA PATTU. 


1. 

B. 

Gamandi of Thottama 

„ 20 00 

2. 

D. 

M. Ratnayake of Dammana 

M 1000 
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VEGETABLE GARDEN COMPETITIONS. 
GALBODA AND KINIGODA KO RALES, 

1928 - 29 . 


A large number of entries were received for the above competitions 
and great keenness was shown by the competitors. The Agri¬ 
cultural Instructor, Kegalle, visited the gardens on several 
occasions* and gave the cuitivatoi;s useful hints on plantain 
cultivation. The final judging was done by the Divisional 
Agricultural Officer, Central. In the case of the competition held .in 
Kinigoda Korale, the first four gardens gained equal poihts and have been 
awarded equal prizes. 

The following were adjudged ^prize-winners :— 

GALBODA KORALE.' * 

1. MohottalagC Bisomenika ,of Udapamunuwa ... . Rs, 50*00 


2, M. Ranasinghe Vedarala of Badulupitiya ... ,, 40*00 

3* Rankotpedige Andiya of Dunugama ,, 20*00 

4. Warasampeclige Motha of Diwala .. 15*00 

KINIGODA KORALE. 

D. A, E. Abeywardane of* Andirimada ... Rs. 31*25 

M. D. S. Gunawardane of Andirimada ... ,, 31*25 

Wattuwa, Vidane Duraya of Diyagama ... ,,31*25 

R. Punchiappuhamy of Yatapawala ... ,, 31*25 



REVIEW 


SISAL.* 


PRODUCTION AND PREPARATION. 

T his book edited by H. Hamel Smith, the editor of Tropical Life, 
and*published by John Bale, .Sons & Danielsson, Ltd., will be 
found of value and interest to all engaged In the sisal industry. 
In it the author has collected up-to-date information on methods 
. of production and preparatbn of the species of Agave known 

to commerce as sfsal hemp and of other fibres. 

The history and botany of the Agave fibre plants are discussed, and, 
in addition to a description of their growth in the field and of the equipment 
in use for their preparcitton in the factory, carefully compiled figures of 
both capital an/rl revenue costs in the countries of production are given. 
The difficulty "of the disposal of sisal wast^ is emphasised, and the necessity 
for investigation into the possibilities of its utilisation to give useful bye- 
products is indicated. The question of the employment of labour-saving 
appliances in the field and the prospects before suitable catch-cropping 
methods are, we consider, not sufficiently dealt with in view of their 
undoubted importance in the economical management of a sisal plantation. 

One is left with the impression that sisal production is a matter best 
suited to .company organization having at its disposal large reserves ot 
‘capitarfor the development of the large areas of land required to maintain 
the scale of production demanded by even a .single factory unit such as a 
large Robey decorticator. 

Ceylon’s most important venture in sisal production, like many 
pioneering efforts in this country, ended in financial failure, but we 
think that with th^ knowledge there gained there is a future for large- 
scale production in the island if land can be made available in the dry 
zones. Sisal planting as a village attivity for small-holders has, we con¬ 
sider, distinct possibilities, but the chances of the successful development 
of the industry would appear to depend largely upon the evolution of a 
satisfactory type of portable decorticator. 

The sisal industry is one which would benefit greatly from an inter¬ 
change of ideas and experience, by the evolution of standardised methods 
and of a standardised costing system, and by the results of scientific 
research, and it is to be hoped that the world-wide Sisal Planters’ Associa¬ 
tion, to the formation of which a chapter of the book is devoted, will shortly 
be created.—G. Harbord. _ 

Sisal: Produciion and Proparation, by IT, TTampl Smith. London: John Balo, 
Sons ^ Danielsson, Ltd. 21 shillings. 
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ANIMAL DISBA3B RBTURN FOR THB MONTH 
ENDED 3Ut DECEMBER, 1929. 
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\ 
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* One case in a buffalo 


0, V. S. Office, 
Oolimbo, 11th January. 1930. 


Q. W. 8TUROESS, 
OovernmAtt Vaterinary Surfaon, 



































METEOROLOGICAL. 

DBCSMBER, 1029. 


SUilloa 

* Temperature 
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10 51 

19 
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Rain was fairly widespread during the first half of December but 
there was very little frorrf the 14th to 21st, after which it was again general 
till the end of the month* The totals for the month were pretty consistently 
above average irk the southern half of the Eastern Province, in Uva, and 
the south east quarter of the Central Province. Variations above and below 
average were about equally divided in t^e Northern, Southern, and Western 
provinces. Deficits predominated in Sabaragamuwa and were the general rule 
in the N.C.P., N.W.P., and the northern halves of the E.P. and E.P. 

Depressional activity was not very marked and a rough description of 
the genera] distribution of rain can be given by saying that it suggested 
the normal distribution of January rather than that of December. 

The highest totals were St. Martin’s (Upper) 37*33 inches, Hendon 
34*68, and Uva Estate 32*42 inches, while the biggest excesses above 
average were in the Arugam Bay district. Only three stations recorded 
less than two inches, 

Potuville, with 9*1 in. on the 23rd, had the highest fall in 24 hours, but 
falls of over 6 in. were also recorded on that day at Poonagalla, Tissa- 
maharama, Uduvila, Uva Estate and Yala as well as at Bandaragama on 
the 4th. 

A. J. BAMFORD, 
Supdt,, Observatory, 
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MANAGER, NEW ZEALAND REPARATION 
ESTATES, WESTERN SAMOA. 


Applications are invited for the position of Manag.er of the New 
•Zealand Reparation Estates, situated in Western Samoa. 

The cultivated part of the Estates includes approximately 8,000 
acres planted in cocojiuts and producing- copra, and 2,000 acres pro¬ 
ducing rubber and cocoa. Portions of the Estates are leased to private 
individuals. The coconut plantations are also used for grazing and 
carry 9,000 head of cattle. 

• • 

Applicants should have a thorough practical knowledge of the 
production, cultivation and marketing of the produce and should have 
had experience in the management of coolje (Chinese) labour. 

c 

The salary offered is £1,000 per annum and the period of engage¬ 
ment will be for three years in the first place, subject to earlier 
termination by the New#Zealand Government should the applicant be 
found unsuitable. The period may be further extended by mutual 
agreement. « 

Applications setting out in detail particulars of age, nationality, 
height, weight, marriage state, and prevoius experience should be 
addressed to the Minister for External Affairs, Wellington, New 
Zealand, and should reach him not later than 31st I\ rch, 1930. 
Applicants should slate the earliest date tliey would be available to 
take up appointment. 

Applications should be accompanied by copies of referenct as to 
personal character and testimonials from previous employers and a 
medical certificate of fitness for service in the tropics should also be 
furnished. '; 

■ f 

The appointee will be provided with a first class passa^^‘ from 
place of residence to Apia, Western Samoa, and he will be paid half 
salary as from date of embarkation, fuU salary to commence" as from 
date of disembarkation at Apia. ? 
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EDITORIAL 

T he recent investigations of the Committee on Soil 
Erosion have kept the question of soil erosion promi¬ 
nently before local agriculturists and it is to be 
hoped that Mr. Felsinger’s further account in the 
following pages of the system of drainage which he practises will 
be of interest. It will be noted that Mr. Felsinger lays stress on 
the importance of the conservation of soil moisture and rightly so, 
since the conservation of moisture is intimately related to the 
question of so -t erosion and soil fertility. It is not intended to 
criticise Mr. F Jsinger’s system of drainage, but it may be said 
that it has been borne upon the Committee on Soil Erosion that 
the primary aim of all measures of soil conservation should be the 
reduction if the erosive action of rim-oflf water and the preven¬ 
tion of the downward movement of the soil on the slopes which 
are so common in the tea and rubber districts of Ceylon. It may 
be argued, therefore, that the primary function of a system of 
drains or pits is that of holding up surface water and allowing it 
to seep into the land rather than that of holding up eroded soil so 
that it may be returned to the land or that of leading surface water 
off the land as rapidly as possible. This view is gaining ground 
and it follows that from the point of view of erosion a system of 
drains should be considered as only a second line of defence. 
The first line, of defence should be found in the protection of the 
soil from the beating and erosive action of rain water by the 
provision of ground cover and high shade, particularly ground 
cover. 
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These points will doubtless be elaborated in the report of the 
Committee on Soil Erosion. It is proposed at present merely to 
draw attention to the importance of ground cover and to appeal 
to the agriculturists of the island 'to bring forward their views 
through these pages. Opinions differ regarding, for example, anti- 
erosive planting systems and the use of non-leguminous plants 
as ground covers, and it is hoped that planters who have experi¬ 
mented and have resvilts to relate will follow the example of 
Messrs, Denham Till and Marsh-Smith in the December number 
of this journal„and of Mr. P'el.singer and Mr. Roy Bertrand in the 
present number. Mr. Roy Bertrand, again, has suggested dis¬ 
cussion of the difficulties of modifying the old herring-bone 
system of drainage irr accordance with modefn ideas and of grow¬ 
ing cover plants, leguminous or other, on old estates, the soil of 
which is deficient in humus, but discussion need not be confined 
to matters of soil conservation. The problems of budding, seed 
selection and rejuvenation of old areas of rubber will loom large 
in the coming years and the questions of conservation of soil 
moisture in the drier coconut areas and of green manuring of 
coconuts are of great interest. The Tropical AgricuUurisi will be 
glad' to open its columns to articles or correspondence on these 
matters. 
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CONSERVATION OF SOIL AND WATER. 


H. W. R. BERTRAND, F.L.S., 

GOVINNA ESTATE, GOVINNA. 


T WO simple methods have been adopted here and on other 
places the writer is interested in. While it is not held 
that either does away with the handicap which land’ 
opened on the old style suffers, they are both useful and 
have been found to increase yields by a statistically noticeable 
amount. * * • 

1. When drains come up for deepening they are not cut to 
the full depth throughout their length. Sections a*bout 8 feet in 
length are deef)ened leaving blocks of 2 feet uncut. Such blocks 
should of course not be left so high as to cause the drain to over¬ 
flow. The effect of this system is to convert each-dr.iin, at less 
than the ordinary cost of deepening, into a series of water-traps. 

2. In the autumn it is the custom here to cut two pits per 
chain of drains. The pits measure 6 ft. by 1|- ft. by 2 ft. deep 
(below the bottom of the drain). These pits are left open until 
the wintering is over; then, in April, surplus women and children 
are employed sweeping all the leaves from‘the drain and from 
2 feet on each side of it into these pits. The leaves are 
thoroughly well mixed with a little of the red earth and are 
tramped down. The top layer is sprinkled with from 2 to 3 lb. 
of cyanamide to promote breaking down. 

These “sponge-pits,” as they are called, soon become 
invaded by masses of roots. Their effect is particularly notice¬ 
able during droughts, more so should, during that time, a short 
heavy shower fall, the majority of which is usually shot off the 
land. 


The distances given are approximate. It is a mistake to cut 
more holes than the leaves in the drains only will fill unless there 
is green manure or jungle stuff handy. 

The method has the additional advantage that clearing of 
drains may be started before the heavy rains which usually carry 
off so much valuable leaf begin. 
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A FURTHER MEMORANDUM ON THE 
DRAINING OF HILLY LANDS WITH A 
VIEW TO REDUCING SOIL EROSION. 

E. O. FELSINGER, 

c 

PRIMROSE HILL, PERADENIYA, AND FRUITHILL. HATTOIN, 

PART 1. 

I N a previous memorandum published in The Tropical Agri- 
culluri^t for October 1928„I explained'a system of drainage 
I recommended for adoption on up-country estates in 
general. , Further experience, and a further consideration 
of the matter, have convinced me that it is possible and desirable 
to devise means for holding up rain-water at the highest levels 
with a view to arresting its uninterrupted flow down the slope. 
The advantage of such a device is two-fold inasmuch as it will not 
only serve to further minimise loss by erosion in localities where 
the rainfall is excessive but also store up water in situations in 
which it will prove most useful in localities where the rainfall is 
comparatively low or the land is subject to periodic drought. 

Diagram A illustrates my method of providing a series of 
what I have called channels, but which are more in the nature of 
little reservoirs, at the highest point of the ridge or crest of a hill 
and the area immediately surrounding it, each channel having its 
own lock-and-spill system. 

Where the rainfall is comparatively low and there is, as is • 
generally the case, a tendency for the higher elevation to suffer 
from lack of adequate moisture, this plan will help to hold up 
water where it is best calculated to benefit the land by slow perco¬ 
lation through the soil to the areas lying immediately below the 
channels. The benefits of this plan will be most apparent during 
periods when no rain falls. With hilly lands the aim should be to 
store up the rain at as high a level as possible and to serve the 
land in the immediate vicinity which is most liable to be bereft of 
moisture, owing to the tendency of water to run down a slope. 
Once water finds its way to the lower levels, it becomes useless 
to the land at the top. The object, therefore, should be to keep 
as much as possible of the rain that falls by capturing it in traps 
in the region which will most benefit by it. But, as I have said 
above, a system of channels provided on hilltops will also prove 
of material advantage in localities where the rainfall is excessive, 
since it will servFas a check! or brake By reducing the volume of 
the downward flow of water and thus minimising erosion. 
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Suitable for averag-e rainfall below 100 inches 
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DIAGRAM 



Forking^ in manure crosswise over a crescent-shaped space, 6 to 8 ins. wide, about 1 foot above the tea bush. 
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stem of drainag^e and silt-pits for old rubber and coconuts on hilly and undulating land. 

Drain gradient, 1 in 60 to 80, Silt-pit 3 ft. x 4 ft. by 2 ft. 6 in. deep. Feeder channel 10 in wide by 
in. deep. Rubber 20 to 25 feet apart. Coconut 26 to 28 feet apart. 

e cost of these silt-pits and the small drains leading to them is 18 to 20 cents per tree. 
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Diagram B shows how rain-water can be held up along Side- 
drains in localties where rain is not plentiful and diVjughts occur, 
by providing catch-pits dug crosswise to retain water 

Diagram C is a general view of a hillside, showing my lock- 
and-spill system of drainage for up-country estates, particularly 
where the rainfall is excessive. For a full account of this system 
and its advantages see my first memorandum on this subject in 
The Tropical AgricuUurist of October, 1928. 

Diagram D illustrates my method of applying and forking in 
manure with the least risk of loss during unexpected heavy rain. 
The manure is spread over a crescent-shaped area,* six to eight 
inches wide at the centre, about a foot above the tea-bush, and the 
forking is done crosijwise. Thfe ordinary method of forking 
downwards is bound to result in the loss of v^luabje fertilising 
elements by severe wash which will be saved by my m&thod. 

PART 2. 

It is a well-known fact that the output of coconuts is largely 
dependent on weather conditions. A season of cppious rain 
induces a good “flush” of blossom and a subsequent heavy crop 
of nuts while a spell of drought invariably results in reduced 
crops. Rubber also thrives best with a heavy, abundant and 
regular supply of moisture. Under dry conditions the latex- 
yield is low. The object of the coconut and rubber planter should 
therefore be to conserve the rain that, falls on the land and make 
it go aafar as possible in maintaining a regular supply of moisture 
for the roots, l o this end as little as possible o^it should be 
allowed to leave the land, and what is retained should be utilised 
to the best advantage. 1 have devised two methods, one for old 
plantations, the other for young estates, with a view to making 
the most of rain-water for the benefit of the cultivated trees and 
*at the same time reducing any tendency to soil erosion to a 
minimum. 

In diagram E, I have tried to show my method of drainage 
for old plantations. The dimensions of drains, catch-pits, etc., 
are given in the diagram, but a word or two of explanation is 
necessary to make the scheme quite clear. It will be seen that 
at a distance of 5 feet on the upper side of each tree there is a 
pit for catching water and such silt as it brings with it. The 
construction of this pit will necessitate the cutting of some roots, 
but this will be more than compensated for by the advantages 
gained. Water is led to the pit by two shallow feeder drains. 
The silt which is brought in is, whenever found necessary, 
removed and used for forming an earth-bank, curved in shape, 
about 4 feet 6 inches away from the tree on the lower side. In 
laying down the earth-bank it is necessary to first dig up the area 
on which the earth is to be laid, so that the bank jjiill thereby gain 
stability by becoming incorporated with the soil on the ground. 
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Perpendicular feeder channels are also cut midway between the 
trees, and thefe catch up water and conduct it to the branch feeder 
drains. By this means there is a uniform distribution of water 
over the whole land. In rainy weather the ultimate outflow will 
be along the transverse drains, which are provided with locks and 
^ills to further control the flow and prevent the removal of silt. 
On the other hand, when there is no rain the water stored in the 
pits will by a process of drainage furnish moisture to the trees and 
so promote their healthy growth. 

Diagram F illustrates a slightly modified method intended 
•for young plantations. Here the arrangement of the feeder 
drains is practically the same, but instead of the water being, led 
to a pit it is directed to the young plant itself. It is in the young 
stage that moisture is most needed for rapid development, and 
the silt and ^ater brought to the cocount hole tends to promote 
the growth of*the plant and bring it to early maturity. 

When the plant is found to be getting clogged up with silt, it 
will be necessary to clear the hole of the excess. In case of 
heavy rain a small pit 18 in. x 18 in. x 18 in. placed eighteen 
inches above the plant will prevent an excessive accumulation of 
water. The relative distances between trees given in the dia¬ 
grams are not absolute but are adaptable to varying conditions of 
soil, crop, etc. 

One of the most important details in tropical agriculture is 
the proper control of tropical rains. Under ordinary conditions 
of cultivation not only do we lose much of the benefits of our rain¬ 
fall, but suffei the damage which it is capable of causing by 
erosion. The methods I have explained above are calculated not 
only to conserve rain-water for the plant but also to prevent such 
damage. In this way the fertility of cultivated land will be main¬ 
tained as far as possible by not allowing silt, composed of the best 
part of the soil, to be carried away. 

The system on which these methods are based is a combina¬ 
tion of drainage and irrigation and is calculated to make the 
fullest and best use of the rain-water that falls on the land. For 
this reason I think these methods should commend themselves to 
all coconut and rubber planters. 
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stem of firainagfe and silt-pits for young" rubber and coconuts on hiHv and undulating land. 

Drain 18 in. wide by 18 in. deep, gradient 1 in 60 to -80. Feeder cliannel lO in. wide bv 2^ inches 
“^P- Hole 3 ft. X 3 ft. by 2 ft. 6 in. deep filled w-ith earth to a depth of 1 ft. 6 in. Rubber 20 to 25 feet 
•art and coconut 26 to 28 feet apart. 
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CONTRIBUTIONS FROM THE RUBBER 
RESEARCH SCHEME. CEYLON. 


NOTES ON STREAKINESS IN BLANKET 

CREPE 


T. E. H. O’BRIEN. M. SC.*, A.I.C., 
CHEMIST. 

RUBBER RESEARCH SCHEME. CEYLON. 


A mong the samples of rubber which are received at the 
Research Scheme laboratories for <ixamination .a con¬ 
siderable proportion during the last few months has 
consisted of blanket, crepe which was streaky or dis¬ 
coloured. 

At a time of falling prices such as.the present the market is 
always more critical than it is under more prosperous conditions, 
and some of the samples which were rejected by the brokers as 
streaky would at other times be passed as up to contract quality. 
Nevertheless streakiness or uneven colouring of blanket crepe is a 
relatively common defect, and it is not unnatural that this should 
be the case. Any slight di.scoIoration or variations in colour of 
the lace crepe, which may hardly be percepj;ible when the rubber 
is in this form naturally become more evident when the crepe is 
rolled to a thick blanket. A method which the writer frequently 
uses for comparing the colour of two samples of crepe is to blanket 
the samples together and see whether streakiness results. 

Information regarding common causes of streakiness in 
crepe is given in the recently published “Guide to the Preparation 
of Plantation Rubber in Ceylon’’ (pp. 30-32), but it is thought 
useful to deal rather more fully with certain causes of this defect. 

Surjace Mould .—During wet weather it is not uncommon for 
surface mould to develop on the lace crepe during drying. 
This may be so .slight that it cannot be seen on the rubber with 
the naked eye or it may appear as small specks which are some¬ 
times attributed to dust blowing into the factory. If the mould 
is severe it can usually be detected by shaking the rubber, when 
clouds of dust (mould .spores) emerge. The pre.sence of mould 
on the lace crepe will inevitably lead to streakiness or di.scolora- 
tion of the blanket crepe to a greater or less extent. Streakiness 
of blanket crepe which appears regularly during wet weather will 
usually be found to be caused by mould (or fungal spots). 

Trouble with surface mould on crepe appears to be increas¬ 
ing in Ceylon factories, and it is thought that this is mainly a 
matter of gradual infection. Drying sheds which have been free 
from mould for years may gradually becomeVYnfected and the 
trouble will then increase progressively. 



72 

• 

Apart from raising the temperature of the drying room by 
artificial means,/the most promising method for control of mould 
is the treatment of the latex with a small proportion of paranitro- 
phenol. The amount required for complete prevention of mould 
in laboratory tests was found to beT part to 1,000 parts rubber, 
but it is considered that 1 part to 4,000 parts rubber is sufficient 
to control mould under factory conditions. Particulars of the 
treatment ate given in the “Guide to the Preparation of Planta¬ 
tion Rubber in Ceylon’.’ (p. 52), and it is emphasised there that 
the only disadvantage of the treatment is that crepe containing 
P.N.P. becomfis discoloured if exposed to direct window light 
during drying. This is a serious drawback but suitable precau¬ 
tions to protect the crepe from direct window light can be taken 
without involving gny appreciable expense or loss of drying 
space, and tho method has been used in several factories during 
the past year with complete success. A further advantage of 
treatment with P.N.P. is that the blanket crepe is protected from 
development of .suj-face mpuld or fungal spots during storage. 

It is considered that mould infection in drying rooms is 
mainly centred on the floor, where it thrives on the serum which 
drips from the wet crepe, and on the reapers. In case of trouble 
with mould it is advisable to treat the floor-boarding with a 10 
per cent, solution of “Atlas A’’ wood preservative which consti¬ 
tutes a fairly permanent disinfectant and to wash the reapers and 
other woodwork frequently with a 2 per cent, solution of formalin. 

In the above discussion ho reference has been made to the 
question of ventilation of the drying shed. It is taken for granted 
that the room nlust be well ventilated and that the rubber cannot 
dry unless there is sufficient circulation of air to remove the 
moisture. Mould infection may however develop even in a well 
ventilated drying room under the extremely humid conditions 
which exist in certain districts during monsoon weather and may 
necessitate application of the methods of disinfection detailed 
above. 

Light.—It is well known that sunlight causes a brown dis¬ 
coloration of crepe rubber, but it is not so widely recognised that 
direct window light, other than sunlight, also causes discolora¬ 
tion. Crepe which has been dried near to windows in the drying 
room is always slightly off-colour and if blanketed together with 
the remainder of the crepe will cause streakiness. The outside 
rows of crepe should be taken down and rolled separately. 

The discoloration is only caused by direct light and not by 
reflected light so it can be avoided by fitting shades to the drying 
room windows or by arranging that the crepe is hung in such a 
way that it is out of contact with the direct rays of light. 

The method referred to is to hang the crepe to dry in the 
form of “mats” such as are usually prepared when crepe rubber 
is to be dried artifreially. The mats are made by rolling the crepe 
on to a drum (for which a convenient size is 3 ft. wide by 1^2 ft. 



• 

diameter) as it comes from the smooth roller. The mat contains 
2-3 layers of crepe and the size and thickness is adjusted so that 
each mat occupies approximately the same reaper space as an 
equal weight of crepe hung in the usual way. When the mats 
are hung on the reapers the crepe is high above the floor and 
direct light from the windows does not fall on the rubber. 
Equally important is that circulation of air through the room is 
much improved. It might be thought that the mats‘would dry 
slowly but in practice it is found that they dry as rapidly as crepe 
hung in the ordinary way. This method of hanging has been in 
use on certain estates for a number of years, and is being adopted- 
with success by an increasing number of estates. It is particu¬ 
larly useful for drying rooms with poor ventilation as it enables 
the air to circulate freely through the room.. , 

Iron in Water Supply .—It is frequently stated^that the pre¬ 
sence of iron in the' water used /or diluting and coagulating latex 
leads to discoloration of crepe, and more especially that the 
rubber rapidly darkens in colour during storage. This observa¬ 
tion may be correct under certain conditions but it has not been 
confirmed by tests made by the writer up to the present time. 

According to a text-book on water analysis, “natural waters 
containing more than about 0-02 part of iron per 100,000 (i.e., 
1 :5,000,000) usually become opalescent or turbid on exposure to 
the air, owing to the decomposition and oxidation of the ferrous 
hydrogen carbonate.’’ This indicates the rqinute amount of dis¬ 
solved iron which is likely to be pre'sent in water without detec¬ 
tion, and it was considered that by preparing crepe from latex 
diluted with water to which iron salts had been added in propor¬ 
tion 1:100,000, any tendency to discoloration should be very 
marked. 

The following samples were prepared:— 

(1) Control crepe. 

(2) Crepe from latex diluted with water containing 
ferric chloride 1:100,000. 

(3) Crepe from latex diluted with water containing 
ferrous sulphate 1:100,000. 

There was no appreciable difference in colour of the samples after 
preparation or after storage for five and a half months. 

The other source of contamination with iron is the use of 
water containing suspended iron from rusty pipes. A sample of 
such water was obtained and the proportion of iron present found 
to be 1:75,000. This water was bright red in colour and must 
be regarded as grossly contaminated. 

The following samples were prepared:— 

(1) Crepe made from latex diluted with the above 
water. 

(2) Crepe made from latex diluted with the same 
water after being strained through muslin. 
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The first sample was distinctly darker than the second 
(which was perfect in colour), but not more so than would be 
expected from ‘the direct effect of the colouring matter present in 
the Abater. After three months’ storage the sample has shown 
no tendency to abnormal discoloration. 

In the writer’s opinion the effect of iron on the colour of 
crepe has been exaggerated and is not likely to be serious except 
in the case of heavy contamination. It is possible that rapid dark¬ 
ening of crepe during storage which has frequently been, as¬ 
cribed to the effect of iron, is really due to adulteration of the 
latex by coolies, which is discussed in the next section. 

Adulteration of Latex .—A case occurred recently on an estate 
in which crepe from one division either became streaky during 
drying and was discoloured when blanketed, or rapidly darkened 
in colour during storage. Coagulum from’ seven different divi¬ 
sions was ivabhined and dried in one factory, qnd the rubber from 
all except one division was perfect in colour. A number of tests 
made by the Superintendent, such as diluting the latex with water 
from a different division, using fresh stocks of bisulphite and acid, 
carrying the latex to the main factory for coagulation, etc., were 
sufficient to convince the writer that the discoloration of the 
rubber was due to adulteration of the latex in .some way by the 
tapping coolies (mostly Sinhalese villagers). Examination of 
each tapper’s latex microscopically and a test for acidity 
showed no distinct differences, but in the case of small 
samples of the latex coagulated separately in aluminium cups 
(without bisulphite), the serum in several cups was found next 
morning to be^ink in colour and the coagulum was discoloured. 
After this experiment the discoloration of the crepe ceased for 
several weeks and when it recurred the Superintendent checked it 
again by threatening to apply his test and to prosecute any tapper 
whose latex was found to be adulterated. At first sight the 
simplest course would appear to have been to secure a new gang 
of tappers, but it was not practicfihle in this ca.se as there were 
no cooly lines on the division, and the Superintendent was depen¬ 
dent on his village tappers. 

The above incident is recorded in order to .show that dis¬ 
coloration of crepe can be caused by adulteration of the latex by 
tappers, and where discoloration cannot be traced to other causes 
this possibility should not be overlooked. 

Unfortunately the writer has no information regarding the 
identity of the adulterant used in this case, and would be glad to 
hear from any Superintendent who has any suggestions on the 
subject. 

In addition to the above causes of streakiness or discolora¬ 
tion of blanket crepe, there are of course the more obvious causes 
such as errors in treatment of the latex with sodium bisulphite, 
variations in the colour of the crepe from different jars of latex, 
failure to remove*dirty edges from the crepe, etc., which aredealt 
with in the Handbook referred to above. 
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DISEASES OF RUBBER IN CEYLON, 1929. 

R. K. S. MURRAY. A.R.C.SC., 
MYCOLOGIST. 

RUBBER RESEARCH SCHEME. CEYLON. 

1. Introductory. —It is thought that an article on diseases of 
rubber appearing in the 4th Quarterly Circulat of each year 
will be of interest to planters. Such an article will review the 
general disease position in the Island during the year in question, 
drawing attention to* any new diseases of- importance and to any 
advances in our knowledge of the causation and- control of 
diseases of longer standing. •” 

2. Root and Collar Diseases. —As is now well known to all 
planters, Dr. Small has for some years maintained that the fungi 
commonly associated with root disease, such as 'Fonies, Poria, 
Ustulina, are not primary parasites, i.e., are not capable of 
attacking unwounded healthy rubber roots. He further main¬ 
tains that their attack is preceded by another fungus, Rhizoctonia 
bataticola, which is capable of attacking and killing healthy roots. 
This view has met with support in some quarters and opposition 
in others, and the comparative importance of the various fungi 
has not yet been determined. Most mycologists now consider 
that Rhizoctonia is parasitic on Hevea and can cause its death 
under certain conditions, but that it has not yet been proved to be 
a necessary precursor to attacks by the other fungi. 

In the meantime it is important that the usual methods of 
root disease treatment be rigorously carried out. This is parti¬ 
cularly important at the present time in view of the heavy cover 
of Vigna on some estates. Many estates in the wetter districts 
which have had a thick ground cover established for .some years 
are now finding a considerable incidence of Fames lignosus root 
disease. In every ca,se observed by the writer the outbreak has 
occurred in the vicinity of old disease areas and can be traced to 
incomplete treatment in the past. Owing to the presence of a 
thick cover of Vigna the disease has often spread over a con¬ 
siderable area before it is discovered. It cannot be too strongly 
emphasized that in treating such areas the limits of the disease 
on all sides must be found before the isolation trench is dug. The 
ground within the trench must be thoroughly cleared of all roots 
down to about the size of a lead pencil, and the roots and Vigna 
burned in situ. This is the only method of insuring that the 
disease area will not prove a source of infection to neighbouring 
trees in the future. In addition, an area treated in this way may 
salely be replanted in a comparatively short time. 
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Although a thick cover assists the spread of root disease in 
several ways, it “would be a mistake for an estate to deny itself 
the undoubted advantages to be derived from cover crops 
because of the possible danger of root disease. The only limita¬ 
tion to be placed on the growth of cover crops is that they should 
not be grown on areas known to be affected. 

In low-country districts Ustulina zonata is responsible for 
more deaths'than any other fungus. Some estates have adopted 
the filling method of treating collar rot advocated in the Rubber 
Research Scheme 4th Quarterly Circular for 1925, but this can 
only be successfully carried into operation if the disease is detect¬ 
ed at an early stage. In order to render the detection of this 
disease easier, any ground cover should be kept clear in a circle, 
about 6ft. in diameter, round the base of the tree. Where 
Ustulina fructifications are present it is a sound, practice to paint 
them over with tar or disinfectant “before the branch or trunk is 
cut. This is particularly important on young fructifications as 
these bear spores on the surface which are easily blown about and 
may cause fresh infection. 

Other root fungi are of minor importance. Instances of 
Brown Root (Fames lamaoensis) and Sphaerostilbe repens have 
been reported but these fungi are rarely of serious consequence. 
Xylaria furcata was found on two occasions in circumstances 
suggesting that it may have caused disease. 

In general the position as^ regards root disease in the Island 
may be considered satisfactory. Root disease is almost entirely 
absent from th^ drier mid-country ‘districts, while in the low- 
country, although Fames lignasus and Ustulina are of wide occur¬ 
rence, there are comparatively few estates on which large areas 
are affected. The methods of preventing the spread of root 
disease show considerable improvement; less reliance is being 
placed on trenching alone and more attention is being given to 
the eradication of all diseased roots from an affected area. 

3. Stem Diseases. — (a) Bark Rat continues to cause 
damage in certain districts but may be almost completely pre¬ 
vented by careful disinfectant painting. Some estates which use 
Cargilineum Mixture only have suffered from this disease owing 
to being unable to apply the mixture on trees which have 
remained almost continuously wet for some days. All estates 
should have a water-soluble disinfectant in readiness for applica¬ 
tion under such conditions, (b) Canker is prevalent on many 
estates in the wet districts but is not considered to do much harm 
except where the actual tapping surfaces are affected, ^c) 
Brawn Bast is prevalent in the dry districts of Matale and Uva 
and must be considered as the most serious factor adversely 
affecting yields in these districts. On some estates the disease is 
being treated by the scraping and isolation method recommended 
by the Rubber Research Scheme (R.R.S. Bulletin No. 48); and 
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in this way many trees are being brought into* tapping. It is 
hoped that if the price of rubber rises, further work of this nature 
will be done. On one estate in the Kalutara district a rot of 
recently scraped panels developed despite the application of 
disinfectants and considerable damage was done. 

4. Leaf Diseases. —Secondary leaf-fail due to Phytophthora 

palmivora {P. Faheri) was more severe in some districts than in 
1928, but its occurrence in Ceylon is not sufficiently severe to 
cause alarm. It is probable that cultivation and manuring will 
lessen the effects of this disease. . 

Oidium leaf disease has been the subject of special 
investigation by the Rubber Research .Scheme and an article on 
the subject was wriften in the 2nd Quarterly Circular for 1929. 
The disease is widespread in all the rubber-gro'si^igg areas but 
has not caused any serious defoliation in the main low-country 
districts. In the dry districts of Uva and Matale, however, the 
disease is extremely severe and rnany estates have suffered 
considerable defoliation. Although no decreases in yield are yet 
evident as the result of Oidium, such a disease which causes 
severe defoliation and consequent die-back of branches must be 
regarded as extremely serious, and an effective means of control 
is urgently needed. 

it is probable that applications of nitrogeneous manure will 
ameliorate the worst ejffects of tl\e disejise. Such a method, 
however, exercises no direct control over the fungus and the best 
hope of eradicating the disease lies in dustipg with sulphur 
powder. In Java, where Oidium leaf di.sease has been present 
since 1918, extremely successful results have recently been 
obtained by projecting finely-divided sulphur powder on to the 
foliage by means of a motor duster. The method is quick and 
cheap compared with wet spr.aying and will probably solve the 
problem of Oidium control. Special interest is therefore 
attached to dusting experiments to be conducted in Ceylon early 
in 1930. 

5. Diseases and Pests in Nurseries. —The recent increase in 
the use of valuable bud-grafted material has drawn attention to 
the various affections to which young shoots are prone. 

In the R.R.S. 3rd Quarterly Circular for 1929 attention was 
drawn to a new disease of bud-shoots caused by Phytophthora sp. 
The green shoot is attacked a few inches below the extremity and 
dies back rapidly to the extent of the latest growth increment 
where the disease may be checked. The disease has not been 
reported from any estate on a large scale and is probably to a 
great extent dependent on wet weather conditions. Inocula¬ 
tion experiments have shown that seedlings may also be attacked 
by the fungus, though the disease has only t>een reported as 
occurring in nature on bud-grafts. 
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If the disease appears in the nursery or the field all affected 
shoots should be cut off about 6 inches below the margin of the 
discoloured area and neighbouring shoots sprayed with Bordeaux 
Mixture. 

There are several other adverse factors which check the 
growth of young budded plants. Mites cause damage to young 
leaves and are most effectively controlled by dusting with sulphur 
powder or spraying with Sulfinette. Slugs are often found to eat 
off the terminal shoot, and damage to leaves has also been attri¬ 
buted to beetles. In addition it is probable that the dying back 
of young rootlets consequent upon cutting back the stock often 
finds its reflection in a check in growth of the bud-shoot. 

6. Cover Cro^s. —The Kalutara snail' is still causing con¬ 
siderable da/nhge to V^igna in some districts, and no infallible 
method of control has yet been •devised. The “lime-Atlas” 
treatment for poisoning the snails recommended by Mr. Roy 
Bertrand in The Tropical. Agriculturist for September 1928 has 
been found successful on some estates, though other Superinten¬ 
dents have had no appreciable results. Hand collecting and 
destroying the snails is still considered to be the most effective 
remqdy. 

Vigna is commonly attacked by two ■fungi, though in neither 
case is the disease of a serious nature. Rhizoctonia solani kills 
back the Vigna in small circulgir patches in wet weather, but these 
soon recover in a dry spell. A brown spotting of Vigna leaves 
has been showij to be due to Uromyces sp., a ru.st fungus. The 
leaflets turn yellow and fall and ifi very dry weather the cover 
may be killed back. 
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THE EELWORM-GALL OR ROOT-KNOT 
DISEASE * 

(caused by caconema radicicola (creep) 

COBB, FORMERLY KNOWN AS HETERODERA 
RADICICOLA (creep) MULLER). 

[Note.—The cosmopolitan eelworm Caconema raditicola is ‘ well 
known in Ceylon. It is particularly troublesome in flower beds» vegetable 
gardens and estate nurseries. The^ plate reproduced herewith shows 
tea seedlings from a nui^ery with typical root-knat*^^ or galls caused by 
the eelworm. Useful notes on methods of control are given in the article 
printed below.] ^ 

A lthough apparently unl<now'n in the south-western portions 
of this State, Caconema radicicola, the organism responsible 
for the development of eelwormigalIs or* root-knot^ on the 
underground portions of many of our cultivated plants, is 
widely distributed in the metropolitan zone around Perth, and 
has recently attracted considerable attention in the light sandy soils of the 
Geraldton area. 

The eelworms in question are very small round worms, somewhat less 
than l/25th in. in length, which may attack the underground parts and form 
galls on almost all our cultivated species with the exception of most grasses 
and cereals (wheat, oats, barley, rye, maize, etc.),* and a limited number 
of other plants. * 

In Western Australia the worms have been found forming galls on 
the roots or other underground parts of potatoes, tomati^es, cape-goose- 
berries, marrows, pumpkins, melons, cucumbers, carrots, parsnips, beetroot, 
beans, mangolds, tobacco, rhubarb, grapes, figs, banana, dahlia, boronia, 
ceinfugosia hakeifolia, wattles, and many other plants of an edible, 
flowering, or ornamental nature. Cauliflowers, cabbages, peas, asparagus, 

^ artichoke, spinach, onions, and sweet potatoes are pot usually attacked 
to such an extent as the other market-garden plants previously mentioned. 
Considerable dilferences in varietal susceptibility occur in almost all plant 
species attacked. The eelworms are rarely, if ever, found in heavy clay 
soils, but thrive abundantly in loose, well-drained, sandy soils in warm 
districts or situations. It is on this account that eelworms have so success¬ 
fully established themselves in the Perth districts and environs. The disease 
is very serious in many parts of the world where flowers or vegetable are 
grown under glass, and under such circumstances periodic sterilisation of 
the soil by means of steam is commonly practised to rid the soil of the pest. 
Unfortunately this method is at present quite impracticable* in Western 
Australia. 

Symptoms and Effects .—Plants badly affected are dwarfed, wilt readily 
in hot weather, and are usually a paler green than healthy ones. Seedlings 
and even older plants may be killed in quick time if severely attacked, or 
great reduction in yield may result. Sometimes, however, little damage 
or reduction in yield is apparent, especially if abundance of water, fertiliser 
and organic matter can be supplied to the plants. In this connection 

♦ By H. A. Pittman, B.Sc. Agr, in The Journal of the DeparJment of Agriculture, 
Western Australia, Vol. 6 (Second Series) No. 8, September, 1929. 
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it is very well worthy of note that any means which tend to reduce the 
proportion of top-growth to rooting system (such as pruning out of excess 
lateral shoots in tomatoes and the copious use of superphosphate and sulphate 
of potash) will tend to reduce the injury done by the worms. 

On being pulled up infected plants will be found to show more or less 
numerous warts or swellings of the roots or other underground-parts. 
Potaloes are usually attacked on the tubers, but the organisms may also 
invade the rbots and underground stems. Infected potato tubers show many 
or few, more or less scattered, flat-topped pimples or blisters on the surface, 
often about one-eighth inch in diameter and elevated about the same distance 
above the general level of the healthy tissues. The lesions may be much 
larger, however', in certain cases, and where attack is bad may be very close 
together, giving a much distorted appearance to the affected parts. Some¬ 
times numbers of the blisters will be^ found to be broken open or decayed 
as a result of subsequent attack by fungi or bacteria. If infected potatoes 
are cut open, small brown areas will be seen in the flesh under the pimples 
and extendirig to a depth of about } in. in some cases. It is in these 
brown areas that the eelworms occur, l?ut on account of their very small size 
the males and young are not readily seen without a strong lens or micros¬ 
cope. The mature egg-filled.females, however, are much broader than the 
other stages, being pear-shaped and about l/25th inch in diameter, and they 
can sometimes be distinguished with the naked eye as glistening pearly- 
white bodies within the discoloured tissues. Eelworms are often introduced 
into clean land in potato peelings, and this may be considered one of the 
maip means of dissemination by unsuspecting persons. The use of the 
manure of animals fed on infected plants also leads to the distribution of 
worms, as they are not all destroyed by passing through the intestines. 

Carrots, ^parsnips aj;id other fleshy-rooted plants may show large warts 
which greatly, disfigure the appearance of the edible portions. On plants 
with more slender underground parts, the galls or w^arts may somewhat 
resemble the baoferial nodules which ate so necessary a feature on the roots 
of plants belonging to the pea or bean family (Lef^uminoscr), Even on such 
plants, ho ever, the experienced eye soon learns to detect the eelworm-galls 
if present In addition to the bacterial nodules. The eelw^orm-galls on these 
plants are often very close to the root tips—they are mostlv much more 
enlongated, cylindrical and narrow than the bac'terial nodules, and the 
follow the length of the roots or rootlets rather than jut out as large swelling^ 
to the side, as do the nodules due to the bacteria. They are, in short, 
on leguminous plants generally longitudinal swellings of the root rather 
than more or less knobbv lateral outgrow’^ths. Plants of the cabbage family 
(Cruciferce) are sometimes attacked on the roots by the Club-root organism— 
Plasmodiophora hrassiem —^but the swellings in such a case are enormously 
larger and are easily distinguishable from eelworm-galls. 

Life History ,—The young eelworms or “larvae'^ w'hich hatch out of 
the eggs laid in the old galls eventually puncture the roots of the host 
plant by means of spear-like structures in the mouth parts called buccal- 
spears, and enter into tissues of the root or similar part just behind the 
growing points. By their presence the root or tuber, etc., is stimulated to 
unusual activity and the characteristic galls result. On attaining full size 
the male and female eelworms mate, and subsequently the female becomes 
greatly distended and may produce as many as five hundred eggs. In loose, 
warm, moist soils, up to twelve generations may be produced in a year, as 
the life cycle can, under such circumstances, be completed in four to five 
weeks. The “larvae’* and adult males are elongated and like miniature 
earth-worms in shdpc, but the fertilized females are pear-shaped on account 
of the body being distended with eggs* . 
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Susceptible Plants ,—For general information the following list of the 
most important susceptible plants is taken from Heald's “Manual of Plant 
Diseases, “ 

1. Field crops. Alfalfa (lucerne), clover, cotton, cowpea (most varie¬ 
ties), sugar beet, sugar-cane, sweet potato, tobacco, and vetch. 

2. Ornamental and drug plants. Begonia, Cineraria, Clematis, 

Coleus, dahlia, hollyhock, ginseng, Golden seal, peony, rose, sweet pea, 
and violet. ' 

3. Truck crops. Asparagus, bean, beet, Carrot, celery, cucumber, 
dashecn, eggplant, garden pea, lettuce, okra, onion, pepper, potato, rock- 
melon, salsiffy, spinach, strawberry, tomato, and water mejon. 

4. Woody plants. Almond, catalpa, cherry, date palm, European elm,, 
mulberry, grape, peach, pecan, walnut, and weeping willow. 

Resistant Founts ,—Nearly all grasses; cereals .sych as wheat, barley, 
oats, rye, maize, and sorghum; “Iron,” “Brabham,“ “Alonetta.” and 

“Victor” cowpeas : peanut; “Laredo” soy bean; velvet bearf. 

• . * * 

CONTROL. 

1. Farmers or householders should be. very careful never to plant 
potato tubers or seedlings of any kind showing eelworm-galls. If your 
farm or home garden is free at present, do all you can to keep it free. This 
means, among other things, raising your own seedlings and boiling the 
peedings of any potato tubers used for household purposes which appear to 
l)e infested with eelworms. It is very likely that the eelworms have J)ven 
chiefly carried "about the State in potato tubers and introduced into the 
gardens and fields in the potato peelings. The true seeds of plants as 

distinct from tubers, bulbs, etc., do not carry the eelworms. 

• 

2. (a) In seedbeds the eelworms can* be destroyed by treating the soil 
with carbon-bisulphide at the rate of l?r2 oz, per square yard before sowing 
the seed. Make four evenly-spaced holes 8 inches deep# to every square 
yard of soil with a round stick. Into each pour, per medium of a funnel, 
approximately fluid ounce of the carbon-bisulphide and quickly cover with 
moist earth. Cover the seedbed with clean bags and leave for several davs. 
'Phen aerate thoroughly by turning over several times and leaving to stand 
for several days before planting the seed. 

(b) Where carnations, dahlias and other flowering or ornamental plants 
in gardens are found to be attacked, the eelworms can be largely killed bv 
treating the soil with one fluid ounce carbon-bisulphide to the square yard 
in evenly-spaced holes not closer than 9 inches to the base of the plants. After 
pouring the required amount down each hole (about ounce), close the hole 
with moist earth. The fumes will spread through the soil and kill manv 
of the eelworms in the soil and roots. Both the above-mentioned 
treatments have been tested out over a considerable period of years by 
Mr. L. J. Newman, Economic Entomologist of this Department, with satis¬ 
factory results. Do not water the soil for several days after treating or the 
carbon-bisulphide may be forced out of the soil. Above all, remember that 
carhon-hisulphide is exceedingly inflammable and explosive in the presence of 
a spark, lighted cigarette or flame. The fumes are also poisonous if inhaled 
for any length of time, so that the fumigant must he handled with all due 
discretion. 

' (c) Experience in America and other countries indicates that formalin 
may be used fairly satisfactorily for treating eelworms in seedbeds. The 
formula now being mostly recommended is 1 gallon of formalin to 50 gallons 
of water (i.e., a so-called 2 per cent, solution). The solution is apohed with 
a waicring-can to the soil, which should previously have been well loosened 



82 


up, at the rate of about gallons of the solution to the square foot (1). 
Cover the soil with bags moistened with the solution and leave for several 
days. Then remove the bags and stir the soil up thoroughly to let out the 
fumes. Leave for 10 days or a fortnight before sowing. This treatment 
is exceptionally efficient for destroying such soil fungi as cause ‘‘damping- 
olf’* and ‘‘root-rot*’ and it also appears to give fairly good results with 
eelworms. Be careful, however, not to re-contaminate the soil by using 
dirty impleifients from infested ground, or by walking over the beds with 
contaminated boots, etc. ^ 

(d) Eelworms can be killed out by suffocation, if the soil in the seed¬ 
beds or field can be kept flooded with water for 3-4 weeks. In such a case, 
however, the soil must, of course be freed of excess of water and well 
aerated before sowing the seeds or planting out. 

(e) In many countries steam-sterilization is used to free the soil in 
glass houses from eelw6rms, with extremely eflPective results, but the method 
is impractic^l^i here. 

(f) J. R. Watson (2) of the Agrrcultural Experiment Station, Univer¬ 
sity of Florida, who has given considerable attention to the control 
of treatment for seedbeds from which the following details have been worked 
out (3). First of all, dig over the seed-beds thoroughly, then water with 
sodium cyanide solution at the rate of three ounces of the solid cyanide to 
each square yard of soil. Add further water until the soil is moistened 
to a depth of 18 inches throughout. Then immediately afterwards sprinkle 
four and a half ounces (4J oz.) of sulphate of ammonia over each square 
yar3 and water in with just sufficient water to carry the sulphate down. 
The two chemicals react with one another, forming sodium sulphate, 
ammonia, and hydrocyanic acid gas (prussic acid), which kills the eelworms. 
Watson (loc. cit,) states: “If Qematodes (eelworms) appear at all in such 
seedbeds, they will be in isolated spots which can be rejected at planting 
time. If, on the other hand, the desire is for plants which can be depended 
upon to be absoRitely free, as for setting in uninfested ground, application of 
at least 1,200 lb. cyanide (of sodium) and 1,800 lb. ammonium sulphate to the 
acre should be applied,** i.e., about 4 ounces of the cyanide and 6 ounces 
of the sulphate of ammonia to each square yard. 

Cyanide of potassium can be used instead of cyanide of sodium, and from 
the point of view of subsequent soil fertility, would appear to be considerably 
superior to the sodium compound. It has the disadvantage of greater cost, 
however, and, in addition, one must use one-third more of the potassium 
cyanide to each square yard, t.e., 4 ounces, instead of 3 ounces of the sodium 
cyanide. The amount of sulphate of ammonia is, however, the same in 
each case. If the above method is used for sterilizing seedbeds, great care 
must be exercised in handling; the cyanide as it is one of the most deadly 
poisonous substances knoxvn to science. In the case of poisoning, imme^ 
diately give a veeak solution of green sulphate of iron (ferrous sulphate or 
green vitriol**} as a drink, and then empty the stomach by means of a 
stomach tube or by inducing vomiting with a mustard emetic. Send post 
haste for medical d^sistarice. Above all do not use the cyanide method 
unless you have a supply of the antidote ready in case of need and have 
carefully instructed all the persons concerned in its use. The poison is so 
powerful and rapid in its action that unless treatment is immediate'there 
is very little hope, 

8. Oh a field scale every chc6uragem(*nt should be given to the plants 
in the way of water* organic matter, and fertiliser to enable them to stand 
up to attack. Tojnatoes should be ^(runed' fp a single stem and tied up to 
stakes. The reductibn in the excessive top-growth may then make It possible 
to obtain heavy jfSelds even though the hoots are father badiy atta<5kedv 
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4. Where the soil in the field is badly contaminafed with the pest, 
well-worked summer fallow should be practised, as in such a case the drying 
out of the soil kills great numbers of the parasites. The following season 
a resistant crop (such as wheat or oats, etc.) should be sown, and then 
the susceptible crop can be sown with little fear the next season. This 
means that on badly infested tomato fields, for instance, the tomatoes should 
only be grown on the same land every third season. A division of the 
cultivated Ir^nd into three more or less equal parts therefore stems impera¬ 
tive when the eelworms become firmly cstablishe(j. This means, of course, 
that the smaller area must be very intensively worked while it is in crop, 
but each year a comparatively clean area would be available for the main 
money-making plants. All weeds liable to harbour the Worms should be 
prevented from growing along the headlands and ditches, etc. 

5. Experiments recently reported by Edwards (4) in England indicate 

that good results might‘be obtained on a field scakgby ploughing-in crude 
naphthalene to a depth of 6 inches, at the raU* of eight •hundredweights 
(8 cwt.) to the acre, followed by rolling*, about a fortnight or so before 
planting. In the experiments referred to, very striking results \rere 
obtained in the treatment of a “potato-sick^’ soil where there was a very 
heavy mixed infestation of the soil with .another •species of eelworm, 
Heierodera schaactii, and the fungus Rhizocionia solanL The material 
actually used was ‘'drained creosote salts’^ (stated to be a crude form of 
naphthalene), selling in England for about 10s. per cwt. Experiments by 
the Department are projected to test the actual efficacy of the treatment 
for the local eelworm, Caconema (Heterodcra) radicicola. • 
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AGRICULTURAL METEOROLOGY IN ITS 
PLANT PHYSIOLOGICAL RELATIONSHIPS * 

4 GRICULTURAL meteorology is the study of the effects of 
meteorologicaf conditions on plant yield. Yield, with which 
the practical man is alone concerned, is of course, the final 
expression of the integration of the whole complex of physio¬ 
logical processes of the plant. One is dealing with a very 
complex system in which the p‘>ysiolog cal processes of the plant react 
with the external conditions, Meteort>logical conditions such as tempera¬ 
ture, light intensity, Ifurnidity of the air, since they produce a marked effect 
on the rate of*important physiological processes in the plant, are often 
termed “factors***; we speak of the growth of a plant, being controlled by 
a temperature factor, a 1 ght factor and so on. These meteorological 
factors for the most part vary continually during the growth of the crop, 
which may last over many rtionths or even years. 

One of the central problems of plant physiology is the elucidation of 
the effect on the plant of the external factors of the environment and o( 
these the meteorological factors are not the least important. The problem 
is one of great difficulty. In the first place a living organism is an exceed¬ 
ingly complex system and one which is highly integrated. The various 
processes on which the life of the organism depends are very closelv co¬ 
ordinated and, indeed are necessarily so if its life is to continue. It follows 
that a change in one pmcess in .the plant may markedly affect the rate of 
other processes; thus it is hard to distinguish between primary and secondary 
effects. 

There is in addition a second complication which shows itself even in 
the study of a single physiological process. This complication is the high 
“interrelationship** of the factors affecting such a process. The effect 
produced by any one factor is markedly dependent on the intensity of other 
external factors. Thus, if we are considering the effect of the sun’s radia¬ 
tion on the rate of sugar formation in the leaf we find that the effect 
produced varies with the temperature of the leaf and the concentration of 
carbon dioxide available. If the temperature is low a doubling of the light 
intensity will have only a slight effect, while with a higher temperature 
the effect will be greatly enhanced. The close interrelationship of factors 
is one of the chief lessons of more recent physiological work, but one which 
makes much more intricate the study of the effect of meteorological con¬ 
ditions on plant processes such as growth. 

In the third place the variation of the environmental factors—especially 
the climatic factors—from day to day, from hour to hour and even from 
minute to minute, adds another difficulty to the interpretation of crop vield 
in terms of the effect of such factors on the physiological processes of the 
plant. 

It must also be pointed out that there is often a^ considerable lag in 
the action of a climatic factor and the appearance of the resultant change 
in the plant. Crop vield may be largely determined by a bright period or 
a period of rainfall which occurred long before; we have a process known 
as physiologiVal nredetermination. 

* Paper read by •¥, H. Blackman, Sc.D., F.R.S., (Research Institute of Plant 
Physiology, Imperial Collejje of Science and Technology) before the Agricultur?!.! Secjtjon 
of the Conference of Empire Meteorologists, 1929. 
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As has already been stated, the contribution which plant physiology 
can make to agricultural meteorology consists in analyses of the way in 
which climatic lactors atfect crop yield. 'J his analytical problem can be 
attacked in three ways. In the first place the plants may be studied under 
field conditions, various physiological processes, such as rate of increase of 
dry weight, rate of increase of leaf area, rate of assimilation and respiration 
being followed throughout the growing season. Work of this kind is very 
laborious and, owing to the large variation of plants grown under field 
condit ons large samples have to be colJected to obtain significant results. 
A full field experiment of this kind has not yet been carried out. 

In the second w^ay the experimental technique is simplified by growing 
the plants in pot-culture in the open. The plants are thus exposed to 
natural climatic conditions and the correlation of their various physiological 
p ccesses with climatic factors can thus be determined. The most elaborate 
study of this kind is that of F. G. Gregory referred to below. 

The third mode of attack is a study in the laboratory of the effect of 
various climatic factors such as temperature, light, humidity, on the growth 
and other processes of various plants or plant organs. Useftil knowledge 
may be obtained in this way, but o^dng to the interrelationship of factors 
referred to earlier and the high integration of the plant body it is difficult 
from a study ol the eflect of a single factor op single organs to deduce the 
action of a complex of meteorological factors upon the planjt as a whole. 

CORRELATION BETWEEN THE INTENSITY OF CLIMATIC 
FACTORS AND THE GROWTH OF PLANTS. 

The only elaborate investigation that has been made of this relationship 
is the study of barley by Gregory in the years 1921-1924 (Annals of Botany, 
XL, 1-26, 1926), As already stated, the plants were grown in pot-culture, 
the water-content oL the soil being kept up to ajower limit by artificial 
supplies though this limit was exceeded in periods of rainfall. Seven 
environmental factors were recorded during the experimental periods of 
each of the four years namely, maximum clay temperatu*'e, average day 
temperature, minimum night temperature, average night temperature, total 
radiation (calories per cm.* per week), hours of bright sunshine, and evapo- 
rating power of the air. Three physiological processes of the plant were 
measured, namely, net assimilation rate, relative rate of growth of leaf 
surface, and relative rate of increase of dry weight. Owing to the high 
correlation of the external factors (solar radiation and temperature, for 
example, tend to vary together) partial correlations had to be determined. 
It was shown that the net assimilation rate had a high partial correlation 
with day temperature and with radiation, and this w^as positive, while there 
was high negative correlation with night temperature. This last result is 
to be explained by the fact that a high night temperature pushes up the 
rate of respiratory loss and so reduces the rate of net assimilation. 

A partial positive correlation of relative leaf growth with average day 
temperature was observed and a negative correlation with night tempera¬ 
ture, and also a large negat ve correlation with total radiation. The fact 
that the correlation with total radiation is positive for net assimilalion but 
negative for relative leaf growth rate tends to keep the yield constant. 
High radiation will tend to reduce the rate of leaf-area growth but com¬ 
pensation will occur since the high radiation will increase the assimilatory 
efficiency of each unit of leaf-area. 

It is clear from the few results that have been quoted that the method 
employed by Gregory is a very fruitful one. Much light could be thrown 
on agricultural meteorology by an extension of this method. Bv growing 
one or more crop plants in exactly similar pot-cultures* in localities with 
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widely different meteorolog'ical environments and determining by the method 
of correlation the reaction of the plants to the various climatic factors very 
valuable knowledge would be obtained. 

In the third method of attack on the physiological problems of agri¬ 
cultural meteorology the effect of the various climatic factors on the plant 
processes is investigated. It will be useful then to give a brief survey 
of the action of these factors on the plant. 

EFFECT OF TEMPERATURE. 

The question of how* to sunimatc? temperatures so as to relate them most 
satisfactorily to their effect on plants has been a burning one in plant 
geography for* a very long time and a similar problem arises in relation 
to plant physiology. De Candolle as long ago as 1874 divided the earth 
into temperature zones, the lowest having the temperature of most months 
below 0^ C., and the vegetative period for plants between 0® and 5® C.; 
the other zones had diean temperatures of 0— 14® and 15^ — 20® and the zone 
of highest temperature about 25® C. A great flaw in the system of De 
Candolle was the complete neglect of yearly periodicity which plays such 
an important part in the life of plants in temperate regions. Koppen 
improved on the system of De Candolle by defining the cold zones as 
those with one to four months with a temperature over 10® C., and later 
he related his zones to the position of the isotherm 18^C., during the coldest 
months and the isotherm 22® C. for the warmest months. 

It is obvious, however, that in addition to the length of the period of 
growth the duration of high and low temperatures must be considered. 
Some authors accordingly siimmate in temperature hours over the whole year 
or for the frost-free period. Livingstone and Shreve (Publ. Carnegie Insti- 
tution, Washington, No. 284, 1921) take into account the number of frost- 
free days during the vegetative period and summate the temperatures in 
these and determine also the number of days with a temperature over a 
definite level. Vahl takes the mean temperature of the coldest month and 
the mean temfiferature of the warmest month and from them constructs a 
formula, as does also Samuelsson. With such formulae they have been 
able to correlate with temperature the northern limits of wheat in Europe 
and Siberia, and also the distribution of the hazel. 

Though some slight success may be obtained in this way in correlating 
temperature with the distribution of some plants, it is evident that a . 
formal treatment of this kind is doomed to failure when a living organism 
such as the plant is in question. If we wish to determine the activities of 
the plant in terms of temperature, it is evident that we must use physiological 
data which embody the response of the plant to such a meteorological factor. 
Livingstone and Shreve [toe, cit.) were the first to attempt to use physiolo¬ 
gical data in climatological work. They weighted their temperature 
averages according to the growth rates of plant organs which had been 
observed at different temperatures under laboratory conditions. This 
method, however, had not much success in determining plant distribution 
and this is not very surprising. Growth data of this kind are not available 
for many plants and they refer usually to particular parts of the plant such 
as the root and not to the plant as a whole. Apart from this, however, 
there is the strong objection to the method itself that it uses physiological 
data which relate temperature merely to the growth of the plant. There are, 
however, other processes in the plant, such as assimilation and respiration, 
which are of equal or greater importance for its development, but unfor¬ 
tunately these may have a markedly different response to temperature than 
the mere elongation of the plant which is usually considered as growth. 
The evident need us for temperature curves of all three processes of assimi¬ 
lation, respiration and growth so that the effect of temperature on the plant 
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a whole can be accurately determined, though there must, of course, be 
other processes in the plant whose response to temperature is different from 
that of any of the three processes just mentioned. 

How different are the responses of growth, assimilation and respiration 
is shown by the graph below which gives the relationship between tempera¬ 
ture and rate of growth in length of the shoots of maize seedlings, and 
table I, after Lunclegardh {Biochem, Zeii, 154, 213, 1924), which indi¬ 
cates the effect of temperature on the rate of the processes of respiration and 
assimilation of the leaves of the potato plant. * 
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Table I. 

Effect on Rate of Assimilation and Respiration of Raising 
Temperature I'" C. 


Temperature 

5« 
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15<> 

20« 

25^» 
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Respiration 
Assimilation— 
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1 06 
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1 07 
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1 -46 

With full light 

1 -27 
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1 08 

1 08 

0*96 

0-92 

0-81 
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With 1/25 light 

1 18 
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1 *52 
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Such a graph and such table show how futile is a mere summation of 
temperatures, for the effect of a given rise of temperature may be very differ¬ 
ent at different temperature levels. Thus* at 5^C. an increase of temperature 
of increases assimilatio;; (at high light intensity) by 27 per •cent., while 
a similar rise at 15® C. increases the rate of the process by only 8 per cent. 
The table also shows that assimilation and respiration respond differently 






to variations of temperature. It is of course only the excess of material 
formed in assimilation over that lost by respiration that is available for 
the growth and development of the plant. At higher temperatures the 
amount lost by the respiration of the plant may be in excess of that gained 
by assimilation. How large respiration losses may be is shown in Table II, 
also from Lundegardh, showing the hourly loss by respiration during the 
night from 1 hectare of a potato field. 

Table II. 

* Potato Field. 

Respiration Losses per Hour per hectare. 

Temperature 5® m 20® 25®C. 

Losses (kilograms) 0*45 1;0 1*5 2*0 3*0 4*5 

Since respiration • means a loss to the plant ‘and assimilation a gain, 
a fall of temgei*ature at night may be advantageous to the plant while the 
same condition during the day would lead to a fall in assimilation and so 
a loss to the plant. A calculation of Lundegardh’s of the assimilation 
and respiration per hectare of an oat field at two 7iight temperatures is 
given below^ (Table 111). 

The facts that assimilation and respiration are alfected differently by 
a temperature rise; that a temperature rise may act favourably by day and 
unfavourably by night; that the relationship is linear in neither case; and 
that the process of growth shows a different response to either of these, 
indicate the complexity of the problem of the plant^s response to temperature 
and proves of how little value are temperature summations. 

Kurthermore, there is the additional complexity which has been referred 
to earlier, namely the ifiterrelationship of factors. The temperature effect 
is markedly altered by the intensity of the other factors. As Table I shows, 
the effect on assimilation of a rise of temperature is in general less (as 
would be expected) when assimilation is kept low by a feeble light 
intensity than under conditions of high illumination. A fall of temperature 
of 10^ C. at night may thus increase by 30 per cent, the total material 
available for the plant in that period, as Table III shows. 

Table III. 

Oat Field. 

Assimilation and Respiration per hectare. 

A ssimilation, Respiraton. Gain. 

‘ 300 kg. . 175 kg. (20® C.) 125 kg. (300-175) 

300 kg. 132 kg. (10«> C.) 168 kg. (300-132) 

With reference to the effect of temperature on crop yield the meteoro¬ 
logical data of air temperatures are probably as accurate and as complete 
as: can be desired. The plant physiologist, however, can only make full use 
of them when more physiological data are available as to effect of tem¬ 
perature and change of temperature on various plant processes, such as 
assimilation, respiration, growth, flower production, etc. 

From the agricultural point of view the temperature of the air is of 
high importance, but that of the soil, which controls the temperature of 
the underground portions of the plant, is probably of equal importance. 
It is unfortunate, therefore, that data of soil temperature are not usually 
available. ‘ 
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EFFECT OF LIGHT: QUALITY AND INTENSITY. 

Plants are sensitive both to total intensity of light and to its quality. 
For some processes, such as assimilation, the less refrangible portion of 
the spectrum is the more important; for others, as the process of elongation, 
the more refrangible rays have the greater effect. Plant growth and crop 
yield are thus the result of the integrated effect on the plant of light of 
varying intensity and quality. The minimum intensities of daylight under 
which plants can live is, of course, variable for different species, but is 
remarkably low. Thus, Shirley [Amer, Journ, BoU, XVI, 354-390, 1929) 
has shown that many plants will grow under illumination from gas-filled 
electric lamps of an intensity less than 40-foot candles and buckwheat will 
grow at 25-foot candles. Sunflower is much more exacting, requiring con¬ 
siderably higher intensities. An interesting compensaiion tiffect was found 
by this observer, for tlie lower the light intensity the greater the chlorophyll 
content of the leaves. I'hc response varied in different plants, but the 
increase in chlorophyll T^ontent was never as great^ relatively as the fall 
in light intensity. In the hog peanut (Amiphicarpa rtionoicn,) which showed 
the largest response, the concentrations of chlorophyll were 3'f and T2 mg., 
respectively, per 100 cm.‘^ for light intensities of 1 per cent*, and 71 per cent, 
of full daylight. 

It must be pointed out that though ‘‘hours of bright sunshine** are 
well correlated with “total radiation** (as measured, for instance, by the 
('allendar Recorder), yet the mere duration of sunshine without any 
measur(‘ of its intensity is very unsatisfactory for plant physiological work. 
.■\ record of total radiation is certainly an advance over hours of sunshine, 
hut, since it is the luminous rays that are important in plant processes, a 
measure of changes of brightness throughout the dav would be the most 
valuable. 

rhe effect on plants of light of different quality is still a field in* which 
we have little knowdedge, though it is certainly of great importance. It is 
known, as stated above, that the red orange rays are the more important 
in the assimilation of plants and the blue end of the spectrum in growth 
and movement. Plants can, however, be grown in considerable ranges of 
spectral quality, as is shown by the fact that healthy growth may be 
obtained both in daylight and under electric lamps. The effect on the plant 
of the change in spectral quality of daylight which occurs on the transition 
from an unclouded to a cloudy sky, and also wdth the diurnal variation from 
sunrise to sunset, is still unknown. With greater knowledge of the biological 
effect of light of different w^ave length plant physiologists will no longer be 
content with a record of total light intensity but will require for work in 
agricultural meteorology a record of the spectral quality of light in different 
localities and also a continuous record of the diurnal variation of this 
quality. 

EFFECT OF HUMIDITY OF THE AIR. 

The humidity of the air is one of the dominant factors in plant growm 
and crop yield. Its effect is, of course, largely dependent on the soil 
moisture available to the plant. The loss of water from the plant, if other 
conditions remain the same, is directly related to the evaporating power of 
the air. It is perhaps unfortunate that meteorological records of humidity 
are usually given in terms of percentage saturation of the air, since such 
data are only comparable among themselves if the temperature is constant. 
Thus, air having a 70 per cent, saturation at 20SC. and 30SC., respectively, 
has very unequal evaporating power, for the saturation deficits are 5*22 mm. 
and 9*47 mm. of mercury in the two cases. From the agricultural stand¬ 
point what is required is the *‘saturation deficit” of the air, for on this 
depends the water loss from the plant. 
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FHOTOPERiODISM. 

Reference mixst be made to the more recent work of Garner and Allard 
in America, who have shown that a hitherto unsuspected meteorological 
condition—^namely, length of day—has a marked effect on flower develop¬ 
ment, and so on crop yield. It is a familiar fact that many plants flower 
only at certain seasons of the year, such as spring and autumn. It was 
usually assumed that temperature was the dominant factor, the appearance 
of spring flowers being associated with the warmth that follows the chill 
of winter, ^vhile autumn flowering seemed to be the result of the decline 
of temperature as we pass from summer towards winter. Though tempera¬ 
ture is certainly a very important factor it is not the dominant one in 
relation to flowering. One cannot make the iris flower in winter by putting 
it in a greenhouse, or asters and chrysanthemums flower in summer by 
lowering the temperature. It is clear that with many plants the time of 
flowering and fruiting is linked witl\ the season. The clue to the nature 
of this relationship w^s.gained from a study of a valuable variety of tobacco, 
Maryland Mammoth, grown in the United States. This plant when growing 
in Virginia produces no seed but goes on growing steadily during the 
season, reaching a height of even 12 ft., till finally it is cut down by frost 
without flowering. A plant, however, which was placed in a greenhouse 
in autumn flowered .in a short time and set seed. It was at first thought 
that the effect was one of temperature, but it was soon found that whatever 
the conditions the plant would never flower in the summer but only in the 
winter. The time of flowering was shown to be controlled by length of day, 
the tobacco in question being a “short-day*' plant which would not flower 
in ^he long days of summer. It was later shown that many other plants 
showed the same characteristic and could be induced to flower in summer 
by artificial shortening of the period of exposure to daylight. The term 
photoperiodism has been applied to this phenomenon, and it is certainly a 
very striking response of the plant to meteorological conditions. The nature 
of the action is still obscure, but it would seem evident that the photoche¬ 
mical effects on^ the plant alter with the duration of exposure, even if the 
intensity is kept constant. 

CONCLUSION. 

The general conclusion may be drawn that the ordinary meteorological 
data of temperature and humidity are adequate for plant physiological 
purposes, though soil temperatures as well as air temperatures are required 
for the fuller study of the plant's reaction to this climatic factor. With 
regard to light, what is required is a measure of total radiation or, what 
would be still better some measure of brightness and its variation during 
the day. The plant is certainly affected by light quality as well as light 
intensity, so that as our knowledge increases there will be need for a 
record at different localities of the energy distribution throughtout the 
spectrum and its changes during the day. 



RUBBER IN BORNEO 


METHODS OF PROPAGATION AND PLANTING 


B udding was much discussed during the year owing^to favourable 
reports from the Dutch East Indies, but on only a few estates was 
work actually carried out. More would doubtless have been done 
if it had been easy to obtain bud-wood from trees that have been 
proved capable of passing on the character of high productivity 
to their budded offspring. C)ne or two companies are now tapping clones 
that were propagated some years ago, w^hen the practice of budding was 
first introduced into the country. If critics in those days had not condemned 
the innovation and discouraged managers from contUnuing their first trials, 
there would probably be a good selection of Borneo clones* to choose from 
in the near future. . * 

Selected seed from isolated gardens planted with high-yielding trees 
was imported by one company. Where local seed is used the best that 
can be done at present is to obtain it from good mother-trees—an inferior 
method of selection because nothing is known about the trees from which 
the pollen is derived. It is commoner, however, to take seed from high- 
yielding areas, which is still less satisfactory even if care is taken to choose 
areas from which the majority of the poor trees have been removed from 
successive thinnings, • 

The advice to plant closely and thus leave scope for selection when 
the trees are old enough to tap is not always followed. Close planting is 
especially desirable when unselected see(| is usedf for it has been 'proved 
that such yields give rise to a large preponderance of poor yielders : in 
tested areas 75 per cent, of the trees gave only 25 per cent, of the total 
crop. • 

METHODS OF UPKEEP. 

The fall in the price of rubber that occurred when the removal of Restric¬ 
tion was decided on threw into strong relief a fact that sometimes appears 
to be overlooked in good times, namely, that nothing increases earning- 
power more than a high yield per acre. The existence of areas where the 
growth of the trees is poor often low-ers the average yield from an estate. 
Measures for the improvement of such trees aroused general interest during 
tlie year, and many companies undertook manuring work either experi¬ 
mentally or on a commercial scale. 

It had been found in previous years that alluvial flats presented the 
simplest problem : a nitrogenous fertiliser (ammonium sulphate was the one 
used most) always has an immediate and satisfactory effect on growth. The 
problem of reviving trees on hills is more complicated, but it is gradually 
being solved. There prove to be considerable differences in hill soils. All 
require a nitrogenous fertiliser, but whereas some need nothing else others 
also lack phosphates and in one area potash had to be used as well. A lag 
in the action of fertilisers frequently introduces another difficulty; some 
experiments that were at first regarded as failures gave good results after 
a lapse of twelve months. 

Small preliminary experiments are carried out to discover the fertiliser- 
requirements of any area that it is desired to manure, and stimulation of 
growth is taken as the criterion of success. Trees that are growing produce 


* From Ths Bulletin of the Rubber Growers* Association, Vol. H, No, 7, July, 1929. 




new shoots whereas trees whose growth is stationary do not; and new 
shoots can easily< be distinguished from old shoots by the lighter colour of 
the leaves they bear. After about a year growth in the thickness of the 
trunk can also be observed. It is not necessary to take measurements: 
the surface of thin bark that was previously smooth and appeared 
to be glued down to the wood is broken by innumerable cracks, caused by 
the pressure exerted by new layers of tissue formed at the cambium; in 
thick bark the cracks are fewer but longer and deeper. 

As renewed growth follows more generous feeding it is clear that the 
trees had deteriorated through starvation. And seeing that yields had declin¬ 
ed as deterioration advanced there is every reason to believe that they will 
improve as the trees regain vigour. Definite proof of a higher yield is, not 
unnaturally, desired by most boards of directors. It is, however, imprac¬ 
ticable to carry out scientific experiments to provide such proof without a 
big expenditure of time and money. The work would need supervision ol 
a kind that cannot be secured under‘estate conditions, and unevenness in 
growth, spacing, and'* bark thickness renders inapplicable the figures as to 
experimental .precision determined in the classical work done on H.A.P.M. in 
Sumatra. Crude yield-tests have been carried out on many estates and 
most of the results appear highly satisfactory. There are one or two 
exceptions, but it is legitimate to assume that a bad method of testing will 
sometimes make a ^ood resuit into a seeming failure. 

So long as silt-pits and similar devices are popular in neighbouring 
countries it is to be expected that Borneo planters will sometimes be re¬ 
commended to construct them. Such a recommendation was made during 
the year but it led to notning. Most estate managers have carried out 
experiments in the past, and since the growth of deteriorating trees has 
never shown the slightest improvement, the opinion is unanimous that silt- 
pits are a waste of money, Borneo experience has been with mature rubber. 
Complementary to this,* evidences of a reaction are observable in F.M.S. 
scientific circles against both silt-pits and terraces in new clearings. 

Under old rijbber, except in areas that were efean-weeded for manuring, 
a cover consisting of mixed plants of low stature was maintained on most 
estates as a protection against wasli. If such a cover is allowed to get too 
rank it does harm by competing with the trees; the effects of competition 
are most clearly manifested by rubber growing in poor soil. Experience 
has shown the soundness of the opinion expressed in one of these reports 
several years ago, that a mixed cover should be just thick enough to anchor 
the dead leaves that fall from the trees during wintering; a continuous sh' et 
of dead leaves stops erosion, and while allowing rain-water to enter the 
soil is an obstacle to evaporation. 

The superiority of leguminous covers to a mixed spontaneous growth 
is generally admitted, but replacement is expensive and not much progress 
was made during the year. Of covers that will grow in shade Centrosema 
puhescens perhaps shows most promise, but on one or two estates it 
has proved a slow starter. On hills, where serious erosion would result 
from tne dying out of the cover, it would be wise not to trust to a single 
species but to mix several, and perhaps even to retain some plants that are 
not leguminous. 

Though leguminous covers are useful under old rubber, it is in young 
plantations, where their growth is not retarded by shade, that their value 
is greatest. Land exhausted by repeated crops of tobacco furnishes the 
best examples. On several estates rubber growrt by methods that were 
successful on other tvpes of soil failed to come to maturity, but after a 
leguminous crop had been grown for a year or two fit was hot dug in) the 
trees improved as if they had been manured, and in all cases they came 
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into bearing. On richer land leguminous covers do not observably affect 
growth, but they are recommended because they may increase the stock of 
soil-nitrogen and thus reduce the fertiliser bill in later years. Mimosa 
invisa is still the favourable cover for new clearings. Its prickles and the 
fact that it will burn when dry are drawbacks, but they do not seem to be 
considered serious by managers who have planted it on a big scale. Never* 
thelcss the wisdom of looking for alternative covers is realised and several 
have been and are being tried. ^ 

DISEASES AND PESTS. 

'Fhere is a close connection between weather and the incidence ol 
certain diseases, and on some estates that had heavy monsoon rains pink 
disease, mouldy rot and claret canker were troublesome. iFomes lignosus 
proved common in a few young clearings, and was also found in old rubbei 
where Its existence was not suspected until the trees were revived by manur¬ 
ing. Browm bast was 'local in its occurrence. * kii general, parasitic 
diseases w^ere more prevalent than they have been for several years, but 
on few estates did they constitute anj'mportant problem. . * 

The two chief pests were the pig and Termes gestroi, the white ant. 
1'he depredations of the former are limited to unprotected or imperfectly 
protected estates but a year rarely passes wltliout losses being suffered and 
1928 was no exception. The destructiveness of white ants is less patent; 
but as the pest Is more generally distributed the sum-total of the damage 
it does is undoubtedly greater. Radical measures arc the only ones llkel) 
to be completely successful against either pest; suitable fencing confers a 
high degree of immunity from damage bv pig, and white ants are best 
guarded against by the total destruction of nidal wood—the unburnt remains 
of the jungle trees. Under special circumstances poisons may be a useful 
auxiliary meth<xl of combating either pest, but the danger of recommending 
them is that they appear at first sight to be cheap and may be adopted as 
the sole method. The cost of fencing a clean clearing can easily be worked 
out and is always formidable. On the other hand, calculating the total of 
the small amounts spent on poisons over a long period is a difficult piece 
of arithmetic into which optimism usually enters as a factor, and it is too 
often forgotten that the losses due to the relative ineffectiveness of palliatives 
should bt‘ addd to their cost. 
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INVESTIGATIONS ON RUBBER IN 
1928 AND 1929* 


• BOTANY 


B OBILIOFF several years ago made the attempt to find anatomical 
characteristics which could be correlated with the productivity of 
the tree and make it possible to distinguish by anatomical investi¬ 
gation the high-yielding trees from the low-yielders. He found 
a correlation .between the number of la4:ex rings and the yield, 
but this correlation w^as proved to be not close enough to allow of the use 
of the number of latex rings as a standard for the selection of high-yielders. 

Ashplant claims to have found a rSore reliable standard in the diameter 
of the latex tube. For the measurement of this diameter he did not use 
the latex tubes of tiie bark,, these being affected bv the distorting effects 
of secondary growth, but those in the leaf stalk. The measurement can 
be made as well in 6 months old nursery plants (and perhaps also in younger 
ones) as in old trees. It is the opinion of Ashplant that the method would 
make it possible to eliminate nearly all those seedlings which would never 
be good yielders. 

In his lecture before the Rubber Growers’ Association, the speaker 
pointed out that he did not claim that the trees with the largest tube bore 

were ‘necessarily the highest yielders, as there was the other important 

factor of ring number to be taken into account. He considered the tube 
diameter to be about 75^/, responsible for determining yield. 

In a table tfhe correlation of the yield of, 231 trees, 9 years old, and 
the diameter of latex tubes is demonstrated. Amongst the lowest yielders 
(9 to 15 cc. latex per tapping) we see diameters of 11‘5-13'5 micron 
(1 micron is 0‘001 mm.), in the highest yielders (66-99 cc. of latex) diameters 
of 15*5 to 20*0 micron. 

The lecturer said that in general no noteworthy improvement in the 

yields of rubber trees had been recorded from manuring. He concluded 

from this, that the factor in the tree that chiefly determines the latex yield 
is unaffected by manuring and therefore could not be very well of a physio¬ 
logical nature. 

THE SOIL 

Kortleve investigated the acidity of 1260 samples of soil belonging to 
a great number of rubber estates, all situated in the Government “East 
Coast of Sumatra,” Of each sample 10 grams of air-dried earth were very 
thoroughly mixed during six hours with 25 cc, of boiled distilled water. 
TheTollowing day the hydrogen concentration of the mixture was electrome- 
trically determined with use of the method of Billmann. The reaction of 
the soils investigated by Kortleve may be learned from the following 
summary: pH 7-8 was found on 5 estates, pH 6-7 on 8 estates, pH 5-6 
on 22 estates, pH 4-5 on 34 estates. From the investigation of Kortleve 
it appears, that the soils of the East Coast of Sumatra are mostly “acid” 
or “strongly acid.” On all these acid soils Hevea develops equally well. 
Even on the soil with the strongest acidity (pH 8* 13) the growth is excefllent. 


* By Dr. C. J. J. van Hall in the International Review of Agriculture, (Monthly 
Bulletin of Agricultural Science and Practice), April 1929. 
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In the alkaline soils the borderline between the soils with a good 
growth of Hevea and those with a poor growth is well defined : the soils 
with a good growth have an alkalinity less than pH 7‘9; when the alkalinty 
is greater the growth is poor. It.thus appears, that Hevea is unable to 
stand a large amount of lime or other alkalies in the soil. These conclu* 
sions show that there is no reason to fear that large amounts of acid 
manures, such as ammonium sulphate, might be detrimental to Hevea on 
account of their acidity and there seems no reason to replsece them by 
alkaline manures, as Chili-saltpetre. On alkaline soils the use of ammonium 
sulphate is always to be preferred to that of Chili-saltpetre, 

MANURING 

As a rule manuring was successful ‘only in fields v*^here the growth 
or the yield was poor, and it is remarkable that in cases in which the 
growth was good or even only satisfactory, manuring had no appreciable 
effect. * * • 

Of the manuring experiments in 1927 in Java and Soyth Sumatra, 
de Vries gave a concise but complete review. The following list may give 
an impression of the results obtained; the figures indicate the number of 
experiments. 



Increase in 
production 
obtained 

Increase in 
growth 
obtained 

Effect 

dubious 

No effect 

Total 
number 
of experi¬ 
ments 

South Sumatra 

5 

1 

■ 

4 

10* 

West Java 

4 

3 

27 

16 

50 

Central Java 

2 

— 

— 

1 

3 

East Java: 
Besoeki 

1 

__ • 

• 

1 

1 

3 

Malang 

— 

1 

— 


6 

Total 

12 

5 

28 

27 

72 


The great number of cases in which the effect of manuring is dubious 
or lacking (55 out of 72) is apparent. But on soils where the growth or 
the yield was poor, the effect was often very marked. This was, for 
instance, the case on worn-out soils in Bantam and the West Preanger 
(on “Djasinga Estate*’ an increase in the production of 25% was obtained, 
on ‘‘Soekamdjoe Estate” an increase of 40^/,). 

More particulars of the results obtained at “Djasinga Estate” on poor 
soil were given by Mailette de Buy Wenninger. The growth was poor, 
crown development and bark renewal quite insufficient and the trees were 
suffering from die-back of the tops. The soil is stiff and known as 
*‘padas-soil.” The trees were planted in 1910-11 and during the first nine 
years the development w\as normal, but then the decline began and the yield 
decreased from 6 gm. to 2 gm. rubber per tree per tapping. In 1925 the first 
application of If kg. ammonium sulphate per tree was given (in the month 
of July during the leaf-fail); this was repeated after 2 years. The effect 
is to be seen from the following figures:— 

: Increase in girth (average per year):— 
before manuring (1923-24): 0*6 cm. 
after manuring (1926-27): 2*9 cm. 

Yield per tree per tapping:— 

» before manuring: 7*08 gm. 

Ist year after manuring : 8*35 gm. 

2nd year after manuring: 12*38 gm. 
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The die-back stopped after the application of the manure and the trees 
obtained a well-developed crown. The beneficial influence of the ammonium 
sulphate did not last longer than 2 years. 

Not all the backward fields at Djasinga Estate recovered completely 
after the application of ammonium sulphate and further manuring experi¬ 
ments are being made to find out what other element is deficient in the soil. 

Striking^ results were obtained by Grantham at “Soengei Baleh Estate” 
(East Coast of Sumatra) with ammonium sulphate (see Archief voor de 
Ruhhercultutif in Nederlandsch — Indie, Vol. II, p.*465, 1927). It may be 
recalled here, that on white alluvial soil, where the yield was poor, averaging 
289 kg. per hectare a dressing of 680 kg. ammonium sulphate per hectare 
in 1920 and 1&22 and of 2 kg. per tree in 1924 and 1926 resulted in a 
yield of 566 kg. per ha. 

Arens tried different manures on poor soils (East Coast of Sumatra). 
The nitrogen manures *(2 kg. of ammonium sufphate per tree gave an 
increased yield^after one year (about 10% increase over the control), w^hile 
the phosphorus ^nd potassium manures had no appreciable effect. In these 
experiments of Arens—as in those ot de Vries—no harm could be seen 
from the superphosphate, as Grantham and Schmole thought to have 
observed in their experiments. In one field, where the growth was exceed¬ 
ingly poor, the nitrogenous manure had no effect, but improvement was 
obtained by application of superphosphate. Arens’ opinion is that red soils 
on which the growth is poor are in most cases deficient in nitrogen, but as 
it is sometimes phosphorus which is lacking, he recommends the inclusion 
of phosphorus in the experiments. 

In Besoeki (East Java) manuring experiments have been started by van 
Dillen on the slopes of the Yang* and the Merapi mountains where the 
yield ds poor (about 20Q kg. per ha.). Results have not yet been reportc’d. 

In the experiments of Grantham on red soils of average quality 
manuring did not increase the yield. Nitrogen, phosphorus, and potassium 
manures were equally ineffective. 

In the manuring experiments of Maas at “Serpong Estate” (Tangerang, 
West Java) the nitrogen manuring had less effect than the combined potas¬ 
sium and phosphorus manuring. Every two years 200 kg. of chloride of 
potassium and 200 kg. of double superphosphate were given per ha. 

As regards the time of application of the manure, it seems to follow 
from the experiments of Grantham, Maas and others, that the time of 
year is of little importance. At any rate no difference could be seen whether 
it was applied in the beginning of the rainy season or after this season, 
shortly before the leaf-fail. 

Against these successful manuring experiments on poor soils, experi¬ 
ments without success on a soil of average quality may be mentioned. 

De Vries gave a short progress report of manuring experiments with 
seedlings and young budded trees. The object was to stimulate the growth 
in order to be able to plant the seedlings in the field at an earlier date 
and to obtain bud-wood sooner from the inoculated plants. The experiments 
were made in two experiment gardens near Bukenzorg and on one estate 
near Soebang. The application of ammonium sulphate, superphosphate 
and potassium sulphate had no effect on the one to three months old seed¬ 
lings. The doses used were; (1) 5 gm. per plant of each of the milnures 
mentioned, applied 5 times; (2) 8 gm. ammonium sulphate, 4 gm. super¬ 
phosphate and 4 gm. potassium sulphate per plant, in different combinations, 
applied 8 times, and (8) 20 gm. sulphate of ammonia, 20 gm. superphosphate 
and 10 gm. potassium sulphate, applied 15 times. The manuring of the 
moculated plants also was quite unsuccessful. These plants belonged to 
different clones and were manned in^different ways, yia. with t (1;) sbo gm. 
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ammophos, (2) 600 gm .—1 kg. diammophos, (3) 1 kg. calcium cyanamide, 
(4) 1 kg. kapok seed-cake, (5) 25 gm. potassium sulphate, (6) 25 potassium 
sulphate and 50 ammonium sulphate (the manures mentioned under (5) and 
(6) were applied twice.) 

In all these experiments the growth of the young plant could not be 
increased by manuring, but on a poor soil in Bantam manuring with different 
nitrogen and phosphorus manures had a very marked effect on young 
seedlings. Phosphorus was given as bone-meal and as superphosphate^ 
nitrogen as ammonium sulphate and as seed-cake. Ihe best results were 
obtained with seed-cake (100 gm. per tree) corhbined with bone-meal 
(50 gm.); the seedlings manured in this way obtained a height of 156% and 
a weight of 421% of the unmanured plants. , 

The influence of manuring on leaf-fail and leaf development has lately 
become a point of interest in connection with the mildew disease (Oidium). 
As Gandrup pointed out, it has been ’ observed that trees manured with 
nitrogen drop their leaves later than non-manured trets, and accordingly 
they developed the new leaves later, but the development of ne^^ leaves is 
more rapid than in unmanured trees* While it is still dubious whether 
the later development of the young leaves has a favourable or an unfavour¬ 
able influence on th<* development of the Oidimu, it may be taken as 
settled that the quicker development of the leaves hinders the develop¬ 
ment of the fungus. \"ollema pointed out that manured trees sometimes 
recover better from a mildew attack. In August 1927 a dose of 4 kg. 
ammonium sulphate per tr(‘e was given (the production increased by 15%) 
and a year later» in August 1928, the manured trees were more badly attacked 
by the fungus than the unmanured tiees and the yield decreased accordingly^ 
but three months later the manured trees had recovered from the attack and 
the yield had come up to that of the unmanured trees. 

GREEN MANU(^iNG • 

The use of green manures has for many years been popular in the 
Dutch East Indies and is becoming of more and more importance in the 
other rubber-growing ( ountries. 

For Ceylon Dias recommends the same green manures which are used 
in Java and Sumatra, viz., the shrubby Tephrosia Candida and Tephrosia 
Vogelii,, and the creeping Vigna oUgosperma {Dolichos Hosci), Calopogo- 
nium mucunoides, Centrosema puhescens and Cenfrosema Phimieri. It may 
•be mentioned here that Tephrosia Vogelii is less recommended in the Dutch 
Indies than Tepftfosia Candida on account of its shorter life time.and its not 
standing pruning, while Centrosema Plumicri growls badly on poor soils. 
Mitchell recommends also species of Indigofera and Crotalaria, 

As Vigna grows better under shade, Dias recommends starting plant¬ 
ing Tephrosia Candida and T. Vogelii after the contour platforms are cut 
and when these are full grown, to plant Vigna under the shade of Tephrosia. 
Vigna cuttings of a length of 3 feet may be planted 4 or 5 together at a 
distance of 12 feet apart. Further cuttings may be taken from these 
patches and interplanted, this time 6 ft. by 6 ft. Bv this means, within 
a year to eighteen months of first planting a new clearing can be easily 
covered by Vigm, 

Dias does not recommend the planting of Desmodium. It is considered 
to retard the growth of Hevea. This applies to two species, the small- 
leafed Desmodium triflorum and a large-leafed species, the Latin name of 
which was not given. 

Mitchell referred to the problem of root diseases of rubber in associa¬ 
tion with cover crops. He pointed out that the growing of cover crops 
sometimes encourages the development of root diseases. Fungi such as 
Ugnosus and Poria hypohrunnea sometimes spread from one tree 
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to another along the roots of the cover crops; Tephrosia and Crotdlaria 
especially are liable to attack by Fomes lignosus. This drawback, however, 
is more than counterbalanced by the advantage secured from the growing 
of cover crops. 

Murray came to a similar conclusion. He found Crotalaria attacked 
by Fomes lignosus, Fomes lamaoensis Dtplodia and Rhizoctonia batatu 
cola, and Tephrosia by Fomes lignosus, Poria hypohrunnea and Ustulina, 
Whereas rwith erect covers the spread of root diseases may be favoured by 
the cover plants, these being themselves liable to the disease, in the case 
of creeping covers the 'tefFect is more indirect, though possibly more marked; 
the spread of Fomes lignosus under a cover of Vigna, Centrosema, and 
Calopogoniutjt is favoured by the moist condition of the surface layers of 
the soil and besides, the mycelial strands of Fomes like to spread along 
the stems and branches of the creeping covers, though the fungus does not 
seem to do harm to these plants.- Murrav recommends that cover crops, 
and in particular Vi'gna hosei, should not be grown in places known to be 
affected wjth root disease and, if already established, they should be cleared 
away. , 

REJUVENATION 

Rejuvenating rubber fields has become a problem since seeds and 
bud-wood of high-yielding trees have become available and since it has been 
pioved that trees grown from this material give a much higher yield than 
the trees of the old fields, grown from seeds gathered at random. The 
old fields can be rejuvenated, either by cutting down the old trees and 
i;eplanting entirely, or by thinning out the old fields and intcrplanting with 
young trees. 

The last-mentioned method has the advantage that a loss of production 

during some four years is avoided. It has been followed on some estates, 

and Zwaardemaker *and van • Holst Pellecaan gave valuable information 
about the results obtained. 

Zwaardepiaker interplanled an 1915 a field of 3T bahu (2*2 ha.), 
containing 455 trees 9 years old with' 1265 slumps, grown from selected 
seed at a distance of 13 by 13 feet. Gradually the old trees were thinned 
out; in 1919, 345 old trees were left and in 1928 only 46. Tapping of the 
young trees began in 1920, and in 1921 more than 50*^^ of them were tapped, 
the rest in 1922 and 1923. This shows that the interplanled trees were 
not backward. The production of old trees amounted in 1916 to 233 kg. 

per bahu and went down to 140 kg. in 1920. In thPs vear the voung 

trees began to produce and the yield went up from 140 kg. in 1920 to 
412 kg. per bahu in 1927. From these figures it is apparent that the 
system was economical. The old trees would never have given a yield 
of 412 kg. 

In thinning out the old fields for the benefit of the young trees the 
difficulty is to decide which trees should be cut down. Van Holst Pellecaan 
follows the rule that, in fields with a vield of 400 kg. per bahu (about 
570 kg. per ha.), the trees which yield less than an average of 50 cem* 
of latex are immediately removed; the trees yielding 50-80 ccm. of latex 
are pruned and gradually removed, while those giving more than 80 ccm, 
of latex are left. He estimates that the expenses of this method amount 
to fl. 570 per ha. in 10 years. 

The other method of rejuvenation—replanting entirely—was described 
by Koch. He proposes not to interplant between the old trees but to apply 
a drastic tapping system for two years and to replant in the third year. 
In the 6th year of the young trees tapping is begun. He considers that 
the old trees, when they are left standing, would produce in 18 years 
3600 kg. rubber per bahu, while one would get from one bahu, if it h 
replanted with superior strains, in 18 consecutive years; 400, 400, 106 kg. 
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(frotti the old heavily tapped trees), —, —, —, —, (4 years without pro¬ 
duction), 120, 200, 270, 270, 340, 420, 460, 500, 500, 500, 500, kg. from 
the newly-planted trees or a total in 18 years of 4710 kg. The author 
estimates that in the first 10 years.there is a loss of fl. 1002*93 per bahu; 
from that year the replanted fields give more profit than the old fields and 
the loss diminishes gradually, till there is a gain in the 18th year of about 
fl. 116*56. In this calculation it is taken that the old trees would give 
a yield of 200 kg. per bahu and the young ones a yield of 500 when full 
grown; the rate of interest is reckoned as 5% .and the market price as 
45 cents per ^ kg. (81 d. per lb.). 

SELECTION 

It is not yet possible to give reliable figures of the yield per ha. 
which may be expected from the different clones and seedlings from selected 
mother-trees. There are relatively few available data concerning yield, 
obtained from small grobps of trees, in some case# 5 trees, sometimes 
10 to 20. " 

New figures about the productio^j of seedlings from selected trees were 
given by de Vries. 

At ‘'Pataroeman Estate’’ 60 ha. were planted, in 1917 (43 ha.) and 
1918 (17 ha.), with seeds obtained by natura*! (“illegftimate”) pollination 
from selected trees. The vield was as follows:— 


Year 

Number of trees 
tapped per ha. 

Age of 
trees 

Yield in kg. 
per ha. per year 

Yield in 
kg. per tree 
per yeai'. 

1923 

230-210 

6 

340 

l-47i 

1924 

210 

7 

497 

2*36' 

1925 

190-185 

8 • 

h73 

3*12 

1926 

185 

9 

700 

3*79 

1927 

185 

10 

745 « 

4*03 

At ”Pasir 

Waringin Estate” 

2U ha 

. were planted 

with seedlings 

obtained by natural pollination from sele('ted trees. 1'he 
as follows :— 

production was 


Year 

Age of the trees 

Yield in kg, per 

1922 

6i 

390 

1923 

7i 

600 

1924 

8i 

666 

1925 

n 

820 

1926 

loi 

717 

1927 

n| 

703 


At “Kiara Pajoeng Estate” a field was planted with seedlings obtained 
by natural pollination from selected trees. The productioTi was as 
follows :— 


Mother-tree 

Number of trees 

.Age of the trees 

Yield per 
tree per tap¬ 
ping in grams. 

PR 148 

67 

12 

28-1 

PR 150 

317 

11 

15-6 ■ 

PR 15J 

213 

11 

19-3 

PR 154 

202 

11 

16-3 

PR 155 

74 

11 

11-3 
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Seedlings from selected trees of “Kiara Pajoeng Estate,*’ obtained by 
natural pollination, were planted in the Experiment Gardens of the Rubber 
Experiment Station- The production was as follows:— 


Mother-tree Number of trees 


T 


PR 148 

... 

2-7 

PR 150 

•* 

7-11 

PR 152 


5-9 

PR 153 ' 


2-5 

— 


2-5 


Yield per tree per tapping 
6th year 7th year 


5-6 ... 9 5 

6*4 ... 9-8 

5-8 ... 7*5 

6*3 ... 80 

6*3 ... 122 


It is noteworthy that the clones from thes^ mother-trees of “Kiara 
Pajoeng” much higher yields than the seedlings. 

De Vries concludes from these figures that fields planted closely with 
seedlings of superior quality mother-trees may give after strong selective 
thinning out, when J9 years old, 700 kg. rubber per ha,, which is much more 
than the average production of fields planted with trees from unselected 
seeds (400 to 500 kg. per ha). 

Holder and Heusser and Heusser gave new figures about the yield ot 

different clones and seedlings. 

• 

Holder and Heusser recorded the yield of seedlings of the highest 
yielding trees of the estate “Boekit Maradja” and of 7 clones of this estate. 
The -clones had been budded in October 1922 and at the same time the 
seedlings had been planted out.* The trees were tapped on the one-month 
periodical system. The planting distance was 24x24 feet. Tapping was 
begun in July ^26 and the results of the first year were as fol'ows:— 



Seed- 

Clone no. 

1 

lings 

80 

51 . 

j 152 


76 

168 1 

1 174 ; 

- 

Total yield of 





i i 

i ! 




200 trees in the 





1 1 




first year of tapping l 
in kilograms. 

121 *4 

301 -2 

153 3 

1 

413 '8 

325 0 

218*0 

285*4 

218-4 

Annual yield per tree 





i 

i 



in Icilograms. 
Average yield per | 

0^61 

ItSl 

0*77 1 

2 07 

1*62 

1 *09 

1 ‘43 

1 *07 

i 

tapping per tree 
in grams, | 

8*75 

9*83 

1 

4-73 1 

! 12*76 

10*03 

6*73 

8*80 

1 6*68 


From these figures it is apparent that the average yield of the clone.s 
altogether is 2^ times greater than that of the seedlings. The average 
circumference per tree at a height of 1 meter varies in the clones between 
54-6 cm. (clone 76) and 59'3 (clone 51), against 63'3 can. of the seedlings. 

'The average rubber content was lowest for clone 163 (27 4%) and 
highest for clone 51 (32’0%), for the seedlings it was 3T8%. 

Heusser published the results of experimental tapping of clones of the 
"Avros Experiment Station." The clones 33, 49, SO, 52, and 80 were 
planted in 1919 (some trees of nos. 83, 50, 52 and 80 in 1929 and one 
tree of 33 in 1921) and clone 36 in 1920 (one tree in 1921). The numbers 

?! '*• *• Tapping was done from 

May 1926 to September 1927 for th-* clones 33 and SO, and feojn ApijJ 
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1926 to August 1927 for the other four clones. The one-month periodical 
tapping method was followed. The average yield per tapping per tree was 
as follows :— 


Clone No. 

Grams 

Clone No. 

•Grams 

33 

240 

50 

29-4 

36 

261 

52 

765 

49 

32-3 

80 

26-2 


Heusser gives also figures of the result of experimental tapping at 
the estate “Tjinta Radja.** Figures were given \)f the yields of seedlings 
(36 X 35), seedlings 49 (natural), seedlings from selected trees, and the 
clones 40, 35, 27, 28, 139 and 36, tapped during one %ear (1926-1927) 
with the one-month periodical systerp. The number of trees was in the 
three seedling experiments : 18-21, 10-24, 227-289 and for the clones 108-111, 
217-236, 99-107, 107-123, 66-79. and 37-40. The following yields were 
obtained. * • 


Yield per annum (149 tapping d|iys) in kg. of dry rubber per tree. 


Seedlings 

j Clones 

1 

Cros.s 36x35 

1 

! Natural 49 j 

1 1 

Selected 
Seeds | 

49 

35 ‘ 

27 

j 

* 28 

139 

36 

i 

5*28 1 

3-56 j 

1 -57 

3 70 

3 17 

2*77 j 

2-70 

2 10 j 

1 

2*75 


Heusser points out that the number of trees of the cross 36 x 35 ^nd 
of the natural seedlings 49 was too small lo give a reliable average, and 
that only the average per annum of the seedlings of selected trees and the 
clones can be compared. It is apparent that this comparison leads to the 
conclusion that the yield of the clones was much "higher than that of the 
seedlings, 

PRACTICE OF BUDDING « 

Budding may be done in the nursery or in the field. If the tree is 
budded in the nursery it may be planted out immediately after the hud is 
fixed (some 23 weeks after budding), or the bud may be left sleeping for 
some time, or the bud may be allowed to grow out and the new stem ma\ 
be stumped. 

The advantages of stumping the budded trees before planting out were 
advocated by de Graaf. H»s opinion is that with this method the number of 
plants which die after being planted out is smaller than when the plants 
are planted out in the field a few weeks after being budded. 

Nieuwpoort objected to the method of stumping the budded plants. 
He pointed out that it takes at least three months for the stumps to begin 
to make a new shoot, and in his opinion the death rate of the stumps after 
being planted out is often very high. In some cases 50% must be 
replanted, either the whole plant or the shoot of the bud having died. 

The question, whether it is preferable to bud in the nursery and plant 
out three weeks after budding, or to bud in the field was discussed by de 
Vries. He recorded results obtained by the two methods. Budding in 
the field has the advantage that the growth of the young shoot is not 
interrupted by transplanting so that after one year the shoot is of a fair 
size, which is especially advantageous when it must be used for bud-wood. A 
drawback of this method is that the budded trees in the field require much 
care and supervision. 
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I>e Vries describes a trial of budding transplanted seedlin^^stumps. 
One hundred seedlings, about one inch thick, were transplanted aftor having 
been stumped in the ordinary way at a height of 1 metre. Th^y began 
to shoot after about three months. Budding was tried 10 days afteir trans¬ 
planting, and then again every 10 days, but even three months after 
transplanting was still unsuccessful. Only 8 to 9 months after transplanting 
(5 to 6 months after shooting had begun) when the shoots had attained a 
length of two metres or more, was budding really successful. 

TAPPING RESULTS 

The results of different tapping systems were compared by Bally in 
Malang (East Java). In newly-lapped fields no difference was found 
between the yield obtained by periodic^ tapping with the one-month system 
(one-month tapping, one-month rest) and the alternate day tapping. After 
22 months the periodical tapp ng with the one-monih system was changed 
into the two-week periodical system, from the third month the plots with 
alternate fortr^ight tapping yielded about 30% more than the alternate day 
tapped plots. In this experiment tappirjg was done over | circumference. 

In another experiment the methods of alternate month tapping and 
alternate day tapping w^ere once more compared. But here tapping was 
done over J circumference, -rhe fields w^ere in the 4th and in the 5th 
tapping year. The experimental tapping was continued for three years. 
In this time the alternate month tapping gave gradually better results : 
while the yield of the alternate day tapped trees decreased from 100 in 
1925 to 84*7 in 1926 and 9T5 in 1927, the alternate month tapping gave the 
following increase: 100, 107*0, 130*8. 

In a third experiment alternate day tapping was compared with 20-days 
periodical tapping. No difference in yield w^as found. 

Extensive experiments with five different tapping systems were de.s- 
cribed by van Baalen. The following systems were tried: A, alternate day 
tapping over J the circumference; B, alternate day over J circumference; C. 
every third-day over ^ circumference; 20-days periodical tapping over 
J circumference; E. one-month periodical tapping over J circumference. 
The utmost care was taken to ensure reliable results. The experiment was 
started in April 1925 and finished in June 1928, lasting more than three years. 

In these experiments the 20-days periodical system over J circumference 
and the alternate day tapping over J circumference gave a yield 20% higher 
than the 30-days periodical and the alternate day system over J circumfer¬ 
ence, though in the last of the three experimental years the results of 
tapping over J circumference was slightly improving. 

Periodical tapping both when applied over J and over ^ circumference 
gave higher yield (3% more) than alternate day tapping over ^ and over J 
circumference. In this respect the result of these experiments corresponds 
with the results of Maas’ experiments (Archief voor de Rubbercultuur 1925 
and 1926) and is opposed to the above-mentioned result obtained by Bally. 

When the one-month periodical system was applied, the highest daily 
yield was obtained on the 24th,day, and when the 20-days periodical system 
was applied on the 12th day. 

Tapping over J circumference gave more brown-bast disease than 
tapping over J circumference. The diseased tree.s were not left untapped 
but the cut was reduced to half its length. By this means the disease 
was stopped and the diseased trees produced 80-90% of the yield of healthy 
trees. 

As to the economy of the different systems the author concludes that 
alternate day tapping or 20-days periodical tapping are the most economical 
systems. 



Arisz published an important paper on the osmotic an^ other physio¬ 
logical factors, which play a r61e m the flow of the latex when a tree is 
tapped. But the paper is of more theoretical than practical interest. The 
same may be said of the paper of Schweizer on the connection between 
the time of flowing of the latex after tapping and the tapping system. In 
tlvs paper Schweizer gave interesting figures showing the rather close 
correlation between time of flowing of the latex and yield of the tree; in his 
investigation of some 27 trees a yield of 30 cc. corresponded with a flow 
of about 20 minutes, a yield of 50 cc. with a flow of about 66 minutes, 
a yield of 70 cc. with a'flow of about 90 minutest A correlation of the 
same sort exists between the diflferent tapping systems and the latex flow : 
the systems with the longer time of latex flow give the highest yields. 
In one experiment the daily tapping over J had an average *latex flow of 
70 minutes, the every third day tapping over ^ had an average of 120 
minutes. 

The stopping of the latex flow is not the consequ(?nce of a new equi¬ 
librium between the open vessels and the surrounding cells, ^ut simply 
a consequence of the latex vessels being blocked by the coagulating latex on 
the tapping cut. Small stops of rubber close the vessels near the tapping 
cut. As soon as these are removed the latex flow begins anew. Schweizer 
mentions the experiment of a planter who tapped a tre*e during the day, 
opened the tapping cut again as soon as the rubber flow had stopped, and 
was able to tap the tree in this way 23 times during that same day; with 
the 10th tapping 75% of the yield of the first tapping was obtained and 
the 23rd lapping gave 50% of this yield. Schweizer tapped a tree 4 times 
immediately in succession and obtained the following yields :— * 

1st tapping: production 70 cc. latex of 30*5%, rubber, time of flowing 
two hours; 

2nd tappmg: production 70 cc. latex of* 30*3%, rtibber, time of flowing 
2 hours 20 minutes; 

3rd tapping: production 70 cc. latex of 30* 1% rubber, time of flowing 
2 hours and 30 minutes ; 

4th tapping: production 70 cc. latex of 27*5%, rubber, time of flowing 
2 hours and 41 minutes. 
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THE COCONUT PALM: SELECTION OF 
SUPERIOR TREES* 


B reeding superior stock means breeding coconut trees with an 
average yeari^^ yield of oil higher than ‘the present average. It 
would take a very long time and much expense to analyse meat 
of all the good trees on a plantation in order to find the highest 
yielders, but it is generally taken for granted that a tree with a 
large number of large nuts with thick kernel will produce a large quantity 
of oil. This may eventually be found not to be the case. Such an assump¬ 
tion, however, simpiifies greatly the selection of* trees for breeding. Since 
the acid test is a large average yield of copra per acre, trees must be sought 
which produce a large number of large nuts of a thin husk and a thick 
kernel, and which lend themselves ?o close planting. Trees just coming 
into bearing should not be selected, because an optimum or maximum pro¬ 
duction is not reaehed for .several years after the first spathe appears, or 
that, at least, is the general opinion of authors. 

When a number of trees of apparent high yield have been selected 
their relative merits can be more accurately gauged by calculating the 
theoretical yearly yield of wet copra which would be produced per acre if 
thh trees under consideration were reduplicated in plantations. If all the 
ripe nuts obtainable for each tree be measured and w^eighed and the w^et 
copra cut from such nuts be weighed, an average weight of whole nut 
and*an average weight of copra per nut can be obtained for the several 
trees. To estimate the number*of nuts which the several trees will produce 
in a year all visible nuts of every age should be counted for each tree, 
that number dil^ided by the number of spadices involved (to get the number 
per spadix) and then multiplied by twelve (as one spathe is put forth each 
month). A third factor to be determined is the number of trees of the 
patterns selected w^hich could be grown per acre of land. The theoretical 
yearly yield then is the product of these three factors, viz., the average 
weight of w^et copra per nut, the est mated number of nuts per year, and 
the estimated number of trees per acre. 

All these high yielders are subsequently selected on the basis of 
habit, shape, density or openness of the crown, length and thickness of the 
midribs, length of spathe, also number and placing of the female flowers. 
Here the diagrams of the spadices of each tree are of great help showing 
numbers, irregularities, if any, and whether a tree tends to “go off“ 
sometimes, as thie planters call it, when a tree stops producing female 
flowers and even spathes temporarily. All the diagrams of the Malayan 
Dwarfs are alike, proving that this variety approximates a pure line, which 
made selecting very easy, because only the healthiest and strongest trees 
were to be picked. Similar diagrams were made of apparently the best 
Niu Lekas, and from the diagrams were chosen those which showed a 
large number of female flowers with the greatest regularity, and with a 
tendency to increase thie number of female flowers, and to produce more 
than one female flower on the same branchlet. The samje selection was 
applied to the Rotumans at Nagasau where two superior trees were selected. 

♦ Extracted from an article by H. Marechal in the Agricultural Journal of fiii 
Vol. 1, No. 2. 1928. ^ * 
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The number of trees per acre varies with the variety. The usual 
distance in Fiji for common coconut is 30 feet, but ntany Niu Lekas do 
not require more than 24 or 25 feet while Malayan Dwarfs on account of 
the short leaves may be planted at 20 feet. 

In the following: table the theoretical yearly yields of wet copra per 
acre are calculated for the trees which were selected for breeding: improved 
stock :— 



I 

- 






Theo- 

C'oconui variety 

1 

' Average 
total 

Average 
weight 
of meat 

Average 

number 

Yearly 

yield 

Planting 

Number 

retical 

yearly 

weight 

of nuts 

of wet 

1 distance 

of trees 

yield 


per nut 

per nut 

per tree 

copra 
per tree 

in feet. 

per acre 

wet 

copra 







per tree 


lb. oz. 

lb. oz. 

1 

lb. 



lb. 

Malayan Dwarf 

2-12i‘ 

0-12} 

72 

571 

i 1 20 

108 

6,1961 

Niu Leka C.o. 

5-99 

1- 4 

90 

112i 

30 

48 

5,400 

Xiu Ltika E.3. 

3-15 

0-15 

106 

100 

i 30 

* 48 

4,800 

Kotunia Green 

5-12 

1-10 

. 78 j 

126J , 

1 30 

48 

6,084 

Rotuma, Red 

4- 2i 

1- 25 

60 ‘ 

70 ! 

i 30 

48 

3,360 

Common Coconut 

—• 

1- 0 

42 ; 

42 { 

1 30 

48 

2,016 


These yield figures obtained by multiplication are naturally very un¬ 
reliable and consequently can be used only comparatively. When comparing 
these yields with those of the average plantation tree producing 42 nuts 
per year and having an average of 1 lb. of wet copra per nut, which is 
probably too high, it will be seen that they are all much higher. 

The practice of selecting useful parent trees by sight, even considering 
the inflorescence and the yearly yield of copra, does not guarantee a uniform 
plantation. The seedlings of the same parent trees will vary considerably 
on account of uncontrolled cross-pollination. Only by cross-pollination or 
selfing practised on the parent trees artificially is a mor% uniform oflPspring 
to be expected, although t^ven then the influence of the grand-parents will 
be noticeable. Intercrossing of the daughter-trees is then the means of 
eliminating undesirable qualities. 




THE PINEAPPLE INDUSTRY IN MALAYA 


PRODUCTS AND BY-PRODUCTS 

“9th August 1661. I first saw the famous Qupen Pine brought from 
Barbadoes, and presented to^ His Majesty; but the first that were ever seen 
in England were those sent to Cromwell four years since. “ 

This passage, from Evelyn’s Diary is of interest as being one of the 
earliest references, possibly the first reference, to the Pineapple in English 
literature. Later in his Diary, Evelyn records that he first saw the “King- 
pine” in 1668, a slice of which was graciously given him by Charles II. 
He does not appear to h5ive appreciated its flavour as much as he anticipated. 

In those days, pineapples were a great rarity. Today, the fresh fruit 
is still regarded in England as being rather a luxury; but the canned fruits 
are eaten by rich and poor alike, and have become a very important item 
of commerce. During^ the past few years, there has been a big increase 
in the consumption of fruit per head of jxjpulation in this country. The 
“Eat more Fruit” campaign is having its effect, and the sale of tinned 
pineapples is likely to rise still further, especially as the fact becomes more 
widely known that the fruit can be very usefully employed to flavour a 
great ^variety of dishes, including salads, puddings, and curries. In this 
connection a little book containing fifty pineapple recipes recently published 
by The Malay States Information Agency, should be of considerable interest 
to housewives, and will no doubt assist in making tinned pineapples more 
popular than ever. * 

The pineapple, Annaas sativus, a member of the Natural Order Bro- 
meliaceae, is a native of Tropical America, and is widely cultivated in 
countries having a sufficiently hot climate for the purpose. It requires 
plenty of both heat and rain, and a well-drained and porous soil, which 
should however, not be too rich, as excessive richness favours large fruit 
at the expense of flavour. Excess of either lime or manganese in the soil 
is very injurious, causing the leaves to turn yellow and the fruit not to 
develop properly. 

Cultivation and Varieties ,—Many varieties have been produced by 
cultivation, which may be divided into three groups, namely the “Queen” 
group, the “Cayenne” and the “Spanish,” differing in the size, colour 
and flavour of their fruits. These usually vary in weight from 1 lb. to 
according to the variety, though immense pines, weighing as much 
as 20 lb., have also been produced. 

The plant is a low-growing one, attaining a height of from 2 to 4 feet 
It produces a rosette of long, spear-like leaves, pointed at the ends and 
often spiny on the edges. From the centre arises a single stem, bearing a 
close spike of lavender-coloured blooms, supported by bracts, which be¬ 
coming fleshy and massed together, constitute the “fruit.” In the’wild 
state, and sometimes under cultivation, when the seeds come to maturity 
these forni little black or brown bodies buried in the pine just below the 
surface. It has been suggested that the formation of the “pine,” which 
OMurs after fertilisation, is designed to secure distribution of the seeds bv 
the agency of certain animals, who, attracted by its perfume, devour the soft 
and luscious fruit and drop the seeds. ' 

July,* Stanley Redgrove, B.Sc., A.I.C., in Empire Production and Export. No. 1S6, 



At the first crop, only one fruit per plant is produced^ but later crops 
may yield twice this number, exceptional plants sometimes producing even 
more than two fruits each. 

Malaya has a climate singularly well adapted to the cultivation of the 
pineapple, and the canned pineapple industry of the Malay States has now 
assumed a position of considerable importance. In 1927, over 10,000 tons 
of pineapples were exported, valued at about one million sterling. About 
34,000 tons came to the United Kingdom, “Singapore” pineapples being 
well known to British housewives and much appreciated on account of 
their excellent flavour. As a matter of fact, however, the name “Singapore” 
is rather a misnomer; for whilst there are at the moment two canning 
factories at Singapore, the centre of the industry is at Johoye, where there 
are eight factories. There is also one factory at Selangor. 

The Malayan Industry ,—The variety chiefly grown is of the “Queen” 
type, similar to the “Red Jamaican Pine” of the West Indies. This average 
about 3 to 5 lb. in we.ght and is of singularly delicious flavour. Care is 
taken to ensure a uniform good quality in the canned pines, which are 
put up in various forms, chunks, p 4 ‘rhaps, being the most popular, and 
in tins of various dimensions. Three grades are recognised. “G.A.Q.” 
(Good Average Quality) consists of good ripe pines; “Golden Special” of 
pines of superfine quality in point of ripeness ; whilst slightly over-ripe or 
under-ripe pine are graded as “No. 2.” These last are expor.ted to China; 
they do not come on the English market. 

It is a particularly interesting feature of the pineapple industry of 
Malaya, that, although there are a few cultivations given over exclusively 
to pineapples, the fruits are grown chiefly as a catch crop on rubber 
plantations. The cultivation of the pines is mainly in the hands of Chinese, 
the common arrangement being for Chinese settlers of the labouring class 
to carry out the whole work of the plantatiQii from planting until the rubber 
comes into bearing* in return for the proceeds of the pineapple catch crop. 

The plants are propagated by means of suckers, whi^ are placed in 
the fields in row^s about five feet apart, about 3,000 plants being thus required 
per acre. Eighteen months are required for the production of the first 
crop of one fruit per plant. Afterwards an average crop of nearly twice 
this, or about 5,000 fruits per acre, may be expected. With careful manage¬ 
ment, a plant will continue to yield for five or even six years, by which 
time the growth of the rubber trees and consequent shade weakens the 
pineapple plants and necessitates their removal. 

Process of Canning ,—^The canning factories are situated close to the 
fields, an advantageous circumstance because it allows the fruits to be 
canned when perfectly ripe, only an interval of thirty hours elapsing between 
harvesting and canning. Another favourable circumstance is the fact that 
first grade cane-sugar is easily obtainable in bulk, supplies coming mainly 
from the Dutch East Indies, which is only one day’s journey from Singapore. 
Canning is eflected by placing the pineapples, after grading and cutting 
into shape, into tins with sugar syrup. The tins arc soldered up and 
plunged into the boiling water for ten minutes or more, after which they 
are punctured to allow steam to escape, resoldered and again plunged into 
boiling water for a short time. The pineapple has a high vitamin content, 
and it is claimed that the method of canning ensures very little damage 
from this point of view, a matter of high importance in view of the valuable 
character of the water-soluble vitamin. 

The canning industry of Malaya is largely in the hands of Chinese, 
whose complicated labour system makes it difficult, if not impossible, to 
arrive at any satisfactory estimate of the cost of canning. That labour 
is obtained very cheaply is an incontestable fact, the price of Malayan 
tinned pineapples comparing very favourably with those obtained from ^y 
other part of the world. 
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Nevertheless the present system is exceedingly wasteful both of labour 
and material, arfd one might suggest that the moment is ripe for the 
establishment of a modern factory, equipped with canning machinery cons¬ 
tructed on scientific lines and adequate plant for dealing with the waste 
material. Controlled by British capital. . 

The Problems of Wastage *—^The wastage is enormous. In order to 
place a really good tinned pineapple on the market, and it must be 
cordially admitted that the Chinese packers have done this, not only must 
rotten, under-ripe and defective pineapples be rejected, but the pines have 
to be cut to shape. As a ('matter of fact, about two-thirds of the material in 
the form of pines which enters the factories leaves them in the form of 
waste. 

This waste is simply dumped in heaps, where it provides a happy 
breeding ground for flies and other pests. With enterprise, taking advan¬ 
tage of scientific knowledge, this waste material could be worked up for 
the production of a number of useful and valuabfe commodities. 

The fresh waste has been found to contain upwards of 90 per cent, of 
water, the liquor being rich in sugar •(about 6 per cent.). This could be 
fermented and converted into alcohol. By concentrating the liquor until its 
sugar content was about 15 per cent., fermenting with toddy yeast, and 
afterwards distilling, Messrs.* Greenstreet and Teik have obtained a potable 
spirit, resembling Samsu, a spirit made by the Chinese from rice, but con¬ 
taining rather more alcohol, nearly 35 per cent., as compared with 27^ per 
cent, in Samsu* Apart from the production of a potable spirit from pines 
apple waste, the manufacture from it of technical alcohol presents itself 
as an important possibility. 

The same authorities have found that the ash obtained by the 
incineration of the solid part of pineapple waste contained 23J per cent, 
of potash and nearly 6 p*er cent, of phosphoric acid. Its utility as a manure 
is therefore strongly indicated. Another way of turning it to use would 
be, as in Hawaii, to employ it for the manufacture of cattle food. Dr. Henke 
has shown that Hawaiian “pineapple branf” which is a pleasantly-odorous 
granular material, contains 42 per cent, of starch, nearly 12 per cent, of 
sugar and over 3i per cent, of protein. It is also said to be rich in 
vitamins. 

The possibility of extracting citric acid, a very valuable product, from 
the waste liquors should also not be lost sight of. 

In short, it may be said that whilst the Malayan pineapple industry 
presents certain features of great interest, especially the growling of pine¬ 
apples as a catch crop, whereby the cost of production is kept at the 
lowest possible level, and whilst, too, it has succeeded in placing on the 
market exceedingly good canned pines at a very low’^ figure, the industry 
would seem to be capable of further developments, and presents possibilities 
of which those alive to the importance of science as applied to industry, 
should not be slow to take advantage. 
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TUNG OiL OR CHINESE WOOD OIL 

Chinese Wood Oil .—The news edition of Industrial and Engineering 
Chemistry (1929, 10th May, p.5) contains an article entitled Florida 
Tung Oil Project,” by'Mr. B. F. Williamson, wWch is not only interesting, 
but in my opinion deserves the close attention of those who are interested 
in the growing of agricultural products suitable to the conditions of sub¬ 
tropical climates. Chinese wood oil or tung oil, as it is also called, is the 
most durable and waterproof of all paint and varnish oils, and it is largely 
used in China in many places where rubber is used in Europe or in America. 

Uses of Tung OiL —In China it is used to procKice the high finish on 
the Chinese junks and river boats; it is applied to all f«rms of wood 
structures, is used for waterproofing paper for Chinese parasols, silks and 
all kinds of cloth materials and masonry. Occasionally in the back country 
it is sometimes used for lighting in lamps and for soap. With regard to 
its use as paint oil it is stated in the article mentioned above that the 
United States import some 75,000,000 dollars worth of paint oil every 
year, and of this total some 12-15,000,000 dollars represent imported tung 
oil. Apart from its use as a paint oil it is employed in the manufacture 
of brake bands for motor cars, sheet packings and insulations. If more 
paint oil were available, it is held that the linoleum and oil cloth trades 
would use more of it. The demand, it is stated, is constantly increasing 
and is far in excess of the available supply. According to Mr. Wilkamson 
the demand is such that it will be many Vears before production catches up 
with the same, and it is stated quite positively that it is impossible to 
increase the production or improve the quality in China, 4 

An American Enterprise .—It would seem that experts in America have 
been studying this matter for a number of years, and, after making planting 
experiments in various parts of the United States, they have come to the 
conclusion that the best growth and yield is to be obtained in North-Central 
Florida. Put quite briefly. I gather that the American industry is now 
on a commercial basis, and that it is claimed that by modern methods the 
yields of the oil from the fruit is much improved. As regards quality it 
would appear that much of the oil exported from China is adulterated. 
It seems to me that the position with regard to the wood oil industry for 
which undoubtedly there should be a great future, is similar to that which 
existed in the very early stages of the plantation rubber industry. 

Cultivation in the British Empire .—That British scientists are also 
awake to the advantages to be derived from a thorough studv of tung oil 
is shown by the fact that the Research Association of British Paint, Colour 
and Varnish Manufacturers have instituted a research into the cultivation 
of the product in the British Empire. The investigations and experiments 
will have to proceed much further before a final judgment can be formed, 
but already the conclusion has been reached that “there are undoubtedly 
parts of the Empire climatically suitable for the growth of tung oil trees 
and where the value of the land and the cost of native labour will ensure 
a relatively greater margin of safety to this enterprise than even in 
America/* 

* By £)r. TP, ScKidrowit*, in The India-Ruhher Journal of July 18, 1929. 
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THE CULTIVATION OF KAPOK 

DEPARTMENT OF AGRICULTURE, CEYLON, 
.LEAFLET, NO. 52. 

K apok is the floss obtained from pods of Eriodendron anfractuo- 
stim-f which is one of the two well-known “cotton trees” in the 
Island. This tree bears greenish-white flowers and is easily 
distinguishable from the other Bombax Malabaricum, the flowers' 
of which are red. The floss of Bombax is more silky and is 
largely exported fr^m India, where it is alSo used sometimes for 
mixing with kapok. The floss of these cotton trees is not attached 
to the seeds,' which are free, as in the case of the lint of ordinary cotton 
which is the product of species of Gossypium. 

Kapok is common as a boundary and fence tree, and is usually seen 
in mixed cultivation^. As a-pure crop it is likely to give profitable results 
only where conditions are specially favourable to the production of a high 
yield and where land values are comparatively low. It is suitable for 
cultivation as a pure-crop in certain parts of the Dry Zone. It may be 
grown in plantations of cacao, coffee, sisal, limes, pepper, vanilla, &c. 

It should be planted 18 feet by 18 feet on good land, and 16 by 16 feet if 
the soil is poor. 

.CLIMATE AND SOIL 

Kapok will grow from sea-fevel to elevations of 2,500 feet or more, 
but best results are obtained at low and intermediate elevations below 
1,500 feet. ‘ 

Kapok flourishes under a wide range of conditions. It is able ,to 
withstand a long period of drought. But the ideal conditions are abundant 
rain during the growing season, and a dry period from the time the flowers 
set until the pods are harvested. A long spell of wet or even damp 
weather during the later stages of pod formation will reduce the quality of 
the fibre. Exposed situations are not suitable, as the branches which are 
quick growing are liable to be easily broken or damaged by high winds. 

The best soil is a deep, porous, sandv loam which is well-drained. 
Kapok will not thrive on a heavy soil which tends to remain too wet. 
Since a high crop yield is required, the soil should be of a fairly high 
degree of fertility. 

PROPAGATION 

Kapok may be propagated bv seed or cuttings. Cuttings should be 
1-2 inches in diameter and 4-6 feet long; and older than the present year’s 
growth. Large cuttings have been found to give better results than small 
ones. Cuttings should be planted in the field as soon as possible after 
they have been cut, and should be inserted 12-18 inches deep acco ding 
to size. 

An advantage claimed for cuttings is that the trees come into hearing 
sooner than those raised from seed; but experience shows that there may 
be two disadvantages: trees raised from cuttings do not possess a tap 
root, and therefore are liable to be blown over bv heavy wind; and cuttings 
are in danger of attack by termites. 



Plants raised from seed are stated to bear for a donger period than 
those raised by cuttings. Moreover, they are not liable to be blown down 
by the wind since they develop a tap root. Plants from seed are quick¬ 
growing under favourable conditions and may attain a height of 15-20 feet 
at the end of two years. 

It is most important that seed should be collected from selected high- 
vielding trees with large pods. Seed should be fresh and should be tested 
by soaking in water before sowing. If the seed does not s*ink at first, it 
will be found that good seed will do so after soaking overnight. Light 
seed should be discarded. 

Six pounds of seed should be sufficient for planting out an acre of land. 

Nursery beds should be well prepared and made 3J-4 feet wide. The 
seed is sown in rows 10-12 inches apart, and after two months the seedlings 
should be thinned to a distance of 6-8 inches. The beds should be lightly 
shaded till the seedlings are 5-6 inches high and .fre fit to bear exposure 
to the sun. Shade should not however be prolonged, as th^ seedlings then 
tend to become lanky. ^ 

The seed germinate in a few days, and the seedlings make rapid 
growth. After thinning the space between the rows should occasionally 
be lightly forked. The application of liquid* manure will be very beneficial. 
At the end of six months the seedlings will be ready for planting out. 

Seedlings which are lifted for transplanting should be topped ; all leaves 
should be removed, and the roots should not be damaged. They should be 
planted out at once, preferably in showery weather, in holes dug 18 feet 
by 18 feet in the field. 

When the plants arc 10-15 feet in height they should be topped in order 
to encourage the spread laterally of the branches; and to facilitate* picking 
the crop. Such topped plants branch well and produce a crop within easy 
reach. 

Once the plants have become established, very ifttle cultivation is 
required. For the first few months the soil around the plants should be 
kept clean weeded and loose. Subsequent weeding could be effectively 
reduced by means of a leguminous cover crop w'hich can further he used 
for improving the condition of the soil. 

From the fifth to the eighth year it is estimated that a total weight 
of 1,500-3,000 lb. of material in husk, seed, floss and the cores of the pods 
is removed annually. The husk and cores of the peds, which together 
weigh 700-1,400 lb., should be dug into the ground around the trees. 

HARVESTING AND YIELDS 

Under the most favourable conditions a small picking may take place 
at the end of the second year; but usually it is not till after three years 
that kapok begins to yield regularly. The trees are at their best after the 
eighth year. A plantation is estimated to yield a profitable return for 
fifteen years. 

The tree is in flower in December-February, and pods ripen during the 
ensuing dry weather. The harvest lasts for a period of three months 
during April-June. 

The pods are collected as they drop, in a dry state, when the weather 
is fine^If it is damp or wet during the ripening period, the pods should 
be picked as they mature. It is not possible to climb the tree as the 
branches are weak and give way. Therefore picking is carried out by 
severing the stalks by means of a knife attached to a long pole. As the 
poda ripen they change colour from light-green to light-brown, at the 



same time the smooth surface becomes wrinkled. It is at this stage that 
the pods should be harvested before they open at both ends and expose 
the floss. The, whole crop should not be harvested at once, as this would 
result in a mixture of pods of different degrees of maturity, and conse¬ 
quently the floss would be of uneven quality and of lower value. 

After picking the pods Should be spread on a dry floor for a few days 
till they ripen thoroughly, and the floss should be removed as soon as 
possible. The number of pods per tree has been found to vary from 
100-800; and the following figures may be taken as representing the 
average annual yield per tree and per acre on a plantation of 134 trees, 


planted 18 feet by 18 feet:— 




No. of Pods 

Floss lb. 

Floss lb 

Age 

per Tree 

per Tree 

per Acre 

3-4 years 

100 

1 . 

184 

5-6 years ^ 

200 

2 

268 

7-8 years« 

400 

4 

536 

10 years 

600 f ... 

6 

804 

100 pods give 1 lb. of 

floss. 



The relative proportions .of the different parts of 

the pods are :— 


Per cent. 


Per cent. 

Husk or shell 

42 

Cores 

18 

Seed 

23 

Floss 

17 


' PREPARATION OF FLOSS 

The initial process consists of the opening of the pods and removal 
of floss with the seed within from the core and the husk. This is done 
by hand chiefly by women and children who beat the dry pods with short 
stout sticks. 

The more iiyportant process of preparing the product for the market 
is the separation of the floss from the seeds. Under village conditions 
simple methods are practised; but at commercial centres machinery 
largely employed. 

A quantity of floss with seed is placed on a perforated platform and 
beaten with bamboo sticks wielded in a horizontal direction so that the 
seed which is loosened falls through. The top layer is then removed and 
given a further beating on another platform, after which the floss is ready 
for bailing. 

A second method is to place the floss as it comes out of the pods in 
a bamboo basket or box with perforated base, and stir it up by a paddle-lik<! 
arrangement revolved within by means of a handle. 

These hand methods are only in usje where kapok is produced on a 
comparatively small scale. 

Most of the machines employed consist of a horizontal chamber with 
perforated bottom in which the floss is beaten up by a series of blades 
revolving close to fixed blades on the sides of the chamber, the blades 
are so arranged that the floss moves along to the end of the chamber, where 
it is either blown out by fans or falls into receptacles. 

The Bley machine, considered to be one of the best on the market 
is claimed to clean 450-500 lb. of floss per hour and require.s 1 horse-power 
for its operation. 

The Becker machine works on the same principle as the above, but 
differs m possessing a .chamber placed vertically. It is claimed that this 
tnachine deans, about 250-300 Jb. of floss per hour. 




The Lienau machine is a small one requiring* from*^-l horse-power 
for operation, and will clean about 250 Ib, of floss in a day of eight hours. 

The ‘‘France’' machine designed by Michotte will clean about 125 lb. 
of floss per hour. The power required is stated to be less than 2 horse¬ 
power. 

GRADING AND BALING 

Kapok should be graded carefully before bailing lor export* As a rule 
four grades of cleaned kapok are recognized :— 

(1) Superior or extra, containing less than 0*'5 per cent. seed. 

(2) Prime, containing not more than 2 per cent. seed. 

(3) Fair average, with not more than per cent. se^d. 

(4) Damaged, 

Owing to the bulky nature of the material the floss is pressed into the 
bales. Too much pressilre must be avoided, especWilly with the finest 
quality, otherwise the elasticity of the fibre will be destroyed. Machine- 
cleaned very dry fibre requires more pressure than hand-cleaned, but on 
the average the pressure should not exceed 140 lb. per square inch. 

I'he bales are generally packed in gunny cloth or matting and bound 
with hoop-iron. 

The weight of bales range from 80-120 lb. and the size from 8-16 
cubic feet. 

USES 

'I'he chief uses for kapok are for stuffiing cu.shions, pillows, mattresses. 
See, It is w^ell adapted for this purpose on account of its lightness, its 
springy or resilient nature, and its non-hygroscopic and non-absorbent 
characters. It is also largely employed in life-saving appliances. 

PESTS AND DISEASES 

.Among the worst enemies of kapok is the parasitic flowering plant 
Loranthus, The parasite should be looked for and removed in the early 
stage of attack. 

Bats and squirrels may sometimes do considerable damage by eating 
the green pods or growing shoots. 

'I'ermites may be a serious pest, especially to young plants, and 
particularly those propagated from cuttings. 

The cotton bug (Dysdercus cingulatus) which punctures the boll and 
stains the lint sometimes attacks the pods of kapok; but the damage is 
slight. 

The grub of a beetle (Batocera rubra) is an occasional borer into the 
stem and twigs. 

Among fungus diseases are Root disease and Pink disease. In the 
case of the former disease the proximity of cacao and kapok to each other 
is dangerous. Pink disease is liable to break out at the commencement 
of the monsoon. It commences in the fork of a branch, and if attended 
to early may be prevented from spreading round the branch and killing it. 

BY-PRODUCTS 

Hitherto interest in kapok has been mainly centred on the floss alonp*. 
But since the use of the seeds as a source of oil and cake has been 
recognized, the value of these products needs to be taken into consideration. 

The exports of kapok seed from the Dutch East Indies is nearly 
15^000 tons valued at about £98,000 annually* This is equivalent to 
4^5 per cwt. 
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The seed is^ a source of oil which is used largely in Holland for 
edible purposes as well as for soap-makihg, and closely resemble ordinary 
cotton seed oil in general characters. 

The cake obtained after the extraction of oil is reported to be a fairly 
good feeding stuff, used chiefly in compounding feeding cakes for stock. 
It is rich in constituents of manurial value as shown by the following 
analysis, 

Per cent. 


Nitrogen 

4-6 

Phosphoric acid 

1-6 

Potash 

1-6 


which when compared with groundnut cake is worth about Rs. 120 per ton. 

An acre in full bearing at the age of ten ^years should yield about 
10 cwt. of seed, whi6h would give about 7-8 cwt. of cake having a manurial 
value of about Rs. 30. 

There is a steady market in the (Jnited Kingdom for kapok seed. 

EXPOI^TS FROM CEYLON 

The exports of kapok (floss) from Ceylon in 1927 amounted to 3,320 
cwt. valued at Rs. 235,248, but reports indicate that very greatly increased 
quantities of kapok could be readily absorbed by the world^s market if 
thev were available. 
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LINSEED OIL AS AN ADHESIVE FOR 
BORDEAUX MIXTURE^ 


E ver since the time that spraying against coffee and areca diseases 
was introduced by the Department in Mysore, experiments alike 
in the laboratory and the field, were being conducted with the 
object of finding out a cheap and efficient adhesive for use with 
the spray mixture. The use of an adlv^sive is necessary owing 
to the advantage that it not only helps in the uniform spread of the mixture 
over the sprayed surface, but it prevents the mixture from being washed 
off by the heavy rains. If it were not for the use of an adfiesive with the 
mixture, spraying work in the malnad before the monsoon, over large areas 
of cc’ffee and areca would be much less efficient in its results. By nsing 
a good adhesive there i.^ not only economy in the *juantity of materials 
used in spraying* but also necessarily of a good deal of time and labour. 

Very successful results have be^en achieved hitherto by using lime 
caseinate as an adhesive. This adhesive has been taken up by most of 
the areca garden-owners and coffee planters and has practically displaced 
the resin-soda adhesive originally advcK'ated by the Department. 

Preliminary trials in the use of linseed oil as an adhesive in the spray 
mixtures w’ere made during the monsoon season at Talaguppa. The oil 
was added at the rate of four fluid ounces to each pound of solid matter 
contained in the mixture. 'Fo 2% bordeaux containing 5 lb. copper .sul¬ 
phate, 5 lb. lime, 25 gallons of water, forty ounces of oil were added. The 
mixture was well stirred and sprayed on glass plates and, after drying, 
placed outside in the heavy rains. At the same time mixtures, to which 
only twenty ounces and ten ounces of oil were added, were sprayed on 
glass plates and subjected to the heavy rain. 

After some time during^ which twenty-six inches of rainfall were 
recorded, the mixture was found to be adhering all right to the plates. 


The following proportions were tried :— 


Bordeaux 

Oil added 

Mixture on glass plate 

5*5*25 

40 ounces 

Intact 

5*5*25 

20 ounces 

do 

5*5*25 

10 ounces 

do 

5*5*25 

20 ounces 

do 

5*5-25 

10 ounces 

do 

Casein bordeaux 

and bordeaux without anv 

adhesive were also used for 


comparison. When the oil was added to the mixture it was found that the 
excess oil floated to the surface. The quantity of linseed oil to be used has 
no bearing to the quantity of water used in the mixture, but it has a relation 
to the quantity of solids used. Preliminary trials of spraying on arecanuts 
and coffee leaves were found to be very promising. When compared to 
casein bordeaux, it was found that the linseed oil bordeaux was not so easily 
dislodged. Further experiments are under way to see bow this mixture will 
work under field conditions. 

Note ,—Since the above was written, reports have been received that 
spraying with Linseed oil-botdeaux on areca trees in the malnad, and on 
coffee, has given promising results. 

* By M. J. N. in The Journal of the Mysore Agricultural and Experimental Union, 
voi X, No, 8. tm^ 
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MEETINGS, CONFERENCES, ETC. 


KANDY DISTRICT AGRICULTURAL 
COMMITTEE 


M fNUTES of the Meeting of the Kandy District Agricultural 
Committee held at the Kandy Kachcheri on 9th November, 
1929, at 11 a.m. 

j Present:—The Government Agent, C, P., (Chairman), 
J. C. Ratwatte Adigar, Dr. T. B. Kobbekaduwa, Messrs, 
(lordon Pyper, G. Harbord, Divisional Agricultural Officer, W. Madawala, 
Ratemahatmaya, Tumpane, T. B. Mampitiya, Ratemahatmaya, Yalinuwara, 
T. B. Ratwatte, Ratemahatmaya, Pata Dumbjfra, M. B, Panabokke, 
Ratemahatmaya, Udapalata and L. B. Warakaulle, Acting Ratemahatmaya, 
Pata Hewaheta. 


1. Confirmed minutes of the last meeting. 

2. Recommended that Dr. T. B. Kobbekaduwa be nominated to be 
a member of the Board of Agriculture. 

3. Resolved that the Teldeniya Market Show, postponed from 1929, be 
held in 1930. 


4. 


Re allocation of votes, it was resolved to organize the following 
Competitions :— 


(a) 


(b) 


Best Tea Garden in Yatinuwara, Udunuwara and Udapalata 
under 5 acres and over one acre in extent:— 

3 prizes *for each .division :— 


1st prize Rs. 40/- \ 

V 2nd prize „ 30/-' Rs. 270/- 

3rd prize ,, 20 /-) " 

Paddy Sheaf Competition (best earheads),each sheaf not to 
consist of less than 100 stalks, for fumpane and Yatinuwara. 


3 prizes for each division:— 


1st prize Rs. 25/- 
2nd prize ,, 15/- - 

3rd prize „ 10/-^ 

Printing etc. 


Rs. 


Rs. 


100 /. 

130/- 


H. W. Codrittgton, 

diairman of the Committee. 



U7 


COLOMBO DISTRICT FOOD PRODUCTION 

COMMITTEE 


M inutes of a meeting of the Food Production Committee of 
the Colombo District held at the Colombo Kachcheri on the 
28th November 1929, at 2 p.m. 

Present :—The Assistant Government Agenf, Mr H. P. 
Kaufmann, in the chair, and Mr. W* Samarasinghe, Atapattu 
Mudaliyar; Mr. W. R. Illangakoon, Mudaliyar of Colombo; Mr, T, P. 
Abeyakoon, Mudaliyar of Alutkuru Korale South; Mr. G. F. Fonseka, 
Mudaliyar of Salpiti Korale; Mr. Maurice Perera, Mudaliyar of Siyane 
Kcrale West; Mr. J. Eric Perera, Mudaliyar of Siyane Korale East: 
Mr. Joseph Perera, Muhandiram of Hapitigam Korale acting for the 
Mudaliyar; Gate Mudaliyar C. H. A. Samarakkody, ^udaliyar of Alutkuru 
Korale North; and the Divisional Agricultural Officer (Mr. Ashmore Peiris]. 


1. Minutes of the previous meeting were read and confirmed. 

2. A suggestion from the Divisional Agricultural Officer that a com¬ 
petition be held in each Mudaliyar’s Division for Pure-Line Paddy, to be 
supplementary to other competitions to be held in 1930, was approved, 
'riie paddy crop will be Maha Crop, and accordinglv it cpuld be judged 
only early in 1931. 


3. The following competitions were decided on for the year,* viz:- 


In .Alutkuru Korale North 
In Alutkuru Korale South 
In Colombo Mudaliyar’s Division 
In Siyane Korale East 
In Siyane Korale West 


In Hevvagam Korale 
In Salpiti Korale 
In Hapitigam Korale 

4. Decided that judging be held in August-September, that entries 
should close by the end of IVfarch, and that notices be sent in for printing 
by ISth January, 1930, 


Tobacco Competition * 
Plantain Garden 
Vegetable Garden 
Pineapple 

Vegetable Gardens and 
Plantain Gardens 
Plantain "Garden 
Vegetable Gardem 
Vegetable Garden 


. 5. Decided that for the Paddy Competition of 1931, entries be sent 
in by 30th June next and that a para, he inserted in the present notice 
re this Paddy Competition. 

6. Resolved that Government (irant of Rs. 400/- b<' divided equally 
in 8 allotments of Rs. 50/- each, among the 8 Korales. 


H. P. KAUFMANN, 
Assistant Government Agent. 



DEPARTMENTAL NOTES 

PROGRfiSS REPORT OF THE EXPERIMENT 
STATION, PERADENIYA 


FOR THE MONTHS OF NOVEMBER AND 

DECEMBER. 1929 

TEA 


Plots under Indigofera endecaphylla 


T he 1929 pruning marked the end of the second inter-pruning 
period since the planting of Indigofera, Pruning was started 
at the hfeginning of September, a month earlier than was 
intended, so that the last period is a month shorter than previous 
periods. This fact together with the short rainfall in the last 
period and the loss of a large number of bushes after the 1927 pruning 
makes the general increase in yields more noteworthy and satisfactory. 

Soil samples were taken again at the end of the last period but the 
results of the analyses are not yet to hand; they will be included in an 
article in The Tropical Agriculturist in which these results will be more 
fully discussed. 

^ In the following table only the actual yields of the plots are used. 
The system of calculating yields to a full acre of 2,722 bushes which has 
frequently been used in the past produces a most irregular set of figures 
and is thought to be unreliable. 

The last two-year fnter-pruning period before the planting of Indigofera 
is taken as the standard of comparison and the percentage increases or 
decreases in thji succeeding periods are shown. 

Percentage Increase or Decrease ‘in actual Yields of Cireen Leaf 
compared with Last Period before planting Jndigofera, 


Plot. 

Acres. 

1925-27. 
per cent. 

1927-29. 
per cent. 


141 A 

i 

— 9 

+ 4 1 


141 B 


— 8 

+ 


142 A 

i 

+ i 

+ 10 


142 B 

i 

— 1 

+ 5 

Single jSl 

143 A 


- 1 

+ 5 


143 B 

i 

— 2 

— 4i i 


145 

1 

— 10 

— 7 

Assam hybrid 

146 A 

i 

— 3 

+ 4 \ 


146 B 


— i 

+ 3 


147 A 

i 

— 3 

■f 5 

Dark leaf 

147 B 

1 

■1 6 

+ 9 

Manipuri 

148 A 

‘Z 

.1. 

+ 8 

+ 20J 

[ Plot 149 planted 

148 B 

1 

f 4 

+ 19 

j with dadaps. 

149 

1 

+ 5 

'f 4 


Total 

8 

— 6 

+ 4i 



The rainfall during the three periods was as follows. 

1923-25 (No Indigofera) ... ... 198‘80 inches 

1925-27 {Indigofera) ... ... 186'46 „ 

19^-2S {Indigofera) ... ... 169'SS „ 



It is to be noted that the increases shown in the last period are over 
the 1923-25 periods; the increases of 1927-29 over 1925-27 give in most 
cases a much higher figure. 

The yields of three clean-weeded plots on the station are given below 
for comparison. They have not received the same manurial treatment— 
the portions of the plots not under manurial experiment have not been 
manured at all—and a true comparison cannot be made, but the large 
decline in yields in the last dry period compared with the general increase 
in the Indigofera plots is worthy of note. 

1925-27 1927-29 


Plot Acres per cent. per cent. 

144 (dadaps) 1 + 3 • _ 24^ 

150 (Albizzia) 1 4-9 — 41 

155 (No shade) ^ 1 — 35 - 47 

In the case of plot 155 a large number of bushes were lost after the 
1927 pruning. Also the plot has suffered severely from the root action ot 
the old rubber on two sides of it. ^ 


It has always been thought that in a dry climate or season the loss 
of moisture through transpiration from a cover crop rnight adversely affect 
the tea. Soil moisture determinations published by the Agricultural Chemist 
have indicated that at all events after the cover has been ^established for 
some time more moisture is retained than is lost, and this is borne out 
by the yields of these plots. It is probable that the check to the run-off 
which results in more rainfall entering the ground is an important factof. 


Man uvia / Experiment 

rhe manorial experiments laid down with forty-bush plots after the 
1925 pruning were stopped after the 1929. pruning.* The experiments were 
designed on the percentage increase system, that is a comparison of the 
relative difference between certain plots and control plots before and after 
manuring. The system is based on the assumption that the differences 
would have been the same in the second period if manures had not been 
applied. Researches of the Tea Research Institute into the technique of 
field experiments with tea have shown this assumption to be unsound. 
In addition the loss of a certain number of bushes made it necessary to 
calculate the yields according to the number of bushes remaining and this 
procedure is also considered unsound. It is therefore regretted that the 
figures obtained from this experiment cannot be considered reliabU* and 
they are not published. 


Strips of Indigofera in the Hillside Tea 

In August 1927 this area was planted with six-row strips of Indigofera 
endecaphylla alternating with six clean-weeded rows. These strips were 
not separately plucked but periodical inspections have been made to note 
any difference in the appearance of the tea. At the last inspection it 
appeared that the tea under Indigofera appeared slightly more vigorous and 
certain^ the young supplies in these strips appeared healthier. 

RUBBER 


Rejuvenation Experiment 

This experiment started on September 1st. A number of trees have 
already shown symptoms of brown bast, one or both cuts going dry. In 
such cases th<e cut or cuts have been changed over to the other side. If 
the number of cases increases there ^ seems to be a possibility of the severe 
daily **tapping to death*' defeating its own ends. 
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There are two cuts on each tree. Below is given the number and 
percentage of cuts in each plot that had gone dry at the end of December. 


Plot 

Number 
of trees 

Number 

of 

original 

cuts 

Method of 
tapping 
original' 
cuts 

Bark con¬ 
sumption 
per month 
Inches 

Number 
of 
, cuts 
dry 

Per cent, 
cuts 
dry 

1 

68 

136 

c 

Half circum¬ 
ference daily 
to the wood. 

2 

32 

23-5 

2 

76 

152 

do 

If 

36 

200 

3 

43 . 

86 

do 

IxV 

19 

28-2 

4 

40 

*• 

80 

Daily on alter- If 
nate months. 

Fine tapping 
but not to the 
wood. 

1 

1-2 


- I - 1 — . 

These figures show clearly that severe daily tapping to the wood brings 
on brown bast in a very short time. 


New fifantirial Experiment 

The following is the plan of a new manurial experiment which was 
decided on early in 1929. 

^ 1. The experiment to be called the “New Avenue Rubber Manurial 
Experiment.” 

2. Twenty plots, each containing 20 tappable trees, to be laid out 
before April Ist, 1930. The plots to be arranged in five blocks of 
four plots each, the position of the plots in the blocks being 
randomised. 

3. The plots to be named as under and to receive the manurial treat¬ 
ment shbwn. 

2 N Plots. (5 plots) 4 lb. sulphate of ammonia per tree = 80 lb. per 
plot = 80 lb. N per 100 trees. 

N Plots. (5 plots) 2 lb. sulphate of ammonia per tree = 40 lb. per plot 
= 40 lb. N per 100 trees. 

N Ph. P. Plots. (5 plots) 2 Ib. sulphate of ammonia per tree = 40 lb. 

per plot=40 lb, N per 100 trees. 2’2 lb. superphosphate 
per tree=44J lb. per plot = 40 lb. Pa0„ per 100 trees. 
•8 Ib. muriate of potash per tree =16 lb. per plot = 40 lb. 
100 trees. 

C Plots. Same cultural treatment as other plots but no manures. 
Above manures to be broadcasted down the middle of the avenues 
and forked in with envelope-forking once annually in the month of 
December. 

4. Manures to be first applied in the month of December, 1929. 

5. Tapping to commence on April 1st, 1930, and the year for purposes 
of recording yields to be from April 1st to March 31st. Tapping to 
be on alternate days throughout the year on the half circumference; 
lower end of cut to be 24 inches from the ground. Bark 
allowance, 6 ins. per annum. 

6. 2 N Plots to be marked with a double green band, 

N „ ,, ,, ,, ,, a green band. 

N Ph. P Plots to be marked with a green band, a red band, and a 

black band. 

C ,, ,, ,, a white band. 
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7. Every plot to have a number in addition to the letters denoting 
the treatment. Yields of dry rubber (sheet or * biscuits 4-scrap) to 
be separately recorded for each plot. 

8. A space of 40 ft. and a drain already exist between avenues. Two 
pairs of trees and a drain dug between these two pairs of trees 
to be left to separate the end of the plots in the avenues. 

The plots were marked out, the dividing drains dug, and the manures 
applied in December 1929. 

Import of Budded Stumps 

The following is a complete list of foreign budded slmmps imported 
in 1929. 


Mother-Tree 

Number of 

Number 

Number 

• 

stumps 

arrived^dcad 

planted 

Tjirandji 1 

100 

— 

100 

• 

Tjirandji 8 

, 200 

— 

200 

Tjirandji 16 

200 

— 

200 

AVROS 49 

150 

5. 

145 

AVROS 50 

150 

15 

135 

Bodjong Datar 5 

150 

20 

130 

910 


CACAO 

The autumn crop was a heavy one and absorbed a great deal of labour 
in November and December. 

At the request of the Director, Royal Botanic Gardens, Kew, trees 
bearing little or no crops have been marked for observation. If failure to 
hear a crop is found to be permanent, a botanical examination of the cause 
will be attempted. 

COFFEE 

I'he colTee year ended on September 30th and the yields for the last six 
years are published below, 

Robusta Types 
Pounds fresh berries per bush 


Year 

Robusta 

Uganda 

Quillou 

Canephora 

Hybrid. 

1923-24 

2\37 

3 43 

6-91 

301 

8*38 

1924-25 

4*01 

5*29 

3*43 

3*88 

5*62 

1925-26 

3-23 

206 

3-91 

3*09 

9*78 

1926-27 

8*54 

8*99 

501 

10*29 

7*61 

1927-28 

5 57 

6-86 

13*45 

7*63 

8*26 

1928-29 

7 44 

6-69 

618 

8*55 

5*19 

Average 

519 

5-55 

6-45 

605 

7-47 






tm 

Liberian T^es 


Pounds fresh berries per bush 


Year 

Excelsa 

Abeokuta 

Liberia 
Pasir Pogor 

Kleinii 

Arnoldiana 

1923-24 

5 56 

9T6 

6-68 

— 

— 

1924.25. 

19*82 

12*84 

13*34 

— 

— 

1925-26 

14*00 

15*26 

11*71 

— 

— 

1926-27 

25-80' 

18*94 

21*21 

— 

— 

1927-28 

19-75 

17*77 

12*76 

6-64 

2*00 

1928-29 

• 22*00 

31*20 

27*16 

2-54 

2*50 

Average 

17*82 

17*53 

15*47 

4-54 

2 75 

■ 


Arabian 

I 

Types 

Pounds fresh berries 

per bush. 


Year 

1923-24 

* 


Arabica 

Plot 140 I 
2-89 

Kent’s 

Jackson 

Hybrid. 

1924-25 



2-39 

64 

•18 

1925-26 



2 00 

1*34 

1*39 

1926-27 



3-26 

*21 

•58 

1927-28 



1-27 

69 

15 

1928-29 



1-93 

1*84 

76 

Average . 


• 

2 20 

94 

61 


The yields •from th.e variety given under the name of Hybrid are not 
strictly comparable since this coffee only" is being grown without shade and 
some of the bushes are very wid.ely spaced (round the show plots) while 
others are very closely planted. The bushes from which the other yields 
are obtained are all grown under shade. They are not all of the same 
age but are all in full bearing, 10 ft. x 10 ft. is considered a suitable 
planting distance for the Robusta types and such a planting will give 435 
bushes per acre. The out-turn of parchment coffee to fresh berries may be 
taken at 22 per cent, and on this basis the average yields of the Robusta 
types for the last six years work out as follows. 


Variety 


Cwt. dry parchment 
coffee per acre 


Robusta 

Uganda 

Quillou 

Canephora 

Hybrid 


4*44 

4*74 

5*51 

5*17 

6*38 


These yields are calculated on the assumption that there are no vacan¬ 
cies but they give a general idea of the cropping capacity of the Robusta 
types at Peradeniya, 

Prices realised for coffee at an auction sale in December were higher 
than usual. 

Sun-dried Robusta ... ... 82 cents per lb. 

Robusta parchment ... ... 46 ,, 

Sun-dried Liberian ... ... 16 ,, ,, ,, 










OREEN MANUR^IS AND COVER CROPS 

It has been previously reported that leeches were not found in Indigo¬ 
fer a endecaphylla. After the heavy rain in November however a consi¬ 
derable number of leeches was found in this cover* 

Gliricidia sepium trees in the six-acre coffee field in the 'I'erraced Valley 
which had been left unlopped for a number of months were observed in 
November to be severely attacked by green bug. The pest had spread to 
the coffee and, in the Terraced Valley, to Mydnocnrpus VVhightiana, 
Lopping of the Gliricidia was at once started. 

FODDER PLANTS 

At the end of 1928 a piece of the grazing area used by the Kangayam 
cattle was fenced off and planted with Indigofera end^capliylla for trial as 
a grazing plant. The fence was removed in November 1929 and for two 
clays the whole herd congregated o^ this patch and grazeci it off clean. 
There is no doubt as to the liking of the cattle for the plant and it now 
remains to see whether the plant will stand the treatnieni. 

FRUIT 

Observations over a number of years indicate that grape fruit trees on 
the station come into bearing at about 8 years ,of ag(* and at 18 to 20 
years their useful life is past and deterioration sets in. This applies to 
seedling trees: it is possible that different results will be obtained with 
some of the imported budded material now coming «on. 

The general condition of all other citrus fruit trees on the station is 
very poor. 

MISCELLANEOUS 

A trial with Atlas Tree Killer on three sapu trees has shown that 
stripping the bark from a ring six inches wide and painting on the Tree 
Killer resulted in the complete death of the tree in a month. Drilling 
holes and pouring in the Tree Killer appears to result in slower death. 

The Soil Erosion Conimitttee visited the station on December 11th. 

THE IRIYAGAMA DIVISION 

The decisions of the last (and it is to be hoped final) Committee on 
the plans of this division have rendered necessary a complete reorganisa¬ 
tion of the areas, blocks, and plots an the 50 acres opened in 1927 and 
1928. This cannot be started until the plan made by the Survey Depart¬ 
ment comes to hand. Moreover, the decision to reduce by half the size of 
the dories has correspondingly enlarged the number of mother-trees to be 
tested with the result that it may be difficult to obtain bud-wood of sufficient 
mother-trees for the 50 acres already opened, while 14 out of the 20 acres 
cleared and holed early in 1929 to be planted with 1929 seed at stake 
are going back into jungle and will have to be cleared again at some 
future date. 

The new area 6 (planted with foreign budded stumps) was manured 
with nitrogenous and phosphatic manures in November and December. 

The number of stumps of which the buds had shot by the end of the 
year is shown below. The buds of the remainder are alive. 
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Clone * 

Date of 

Number of 

Number sprouted 

planting 

plants planted 

by 31-12-29 

Tj 1 

29-10-29 

60 

46 

Tj 8‘ 

29-10-29 

60 

24 

Tj 16 

9-11-29 

60 

6 

BD 5 

12-10-29 

60 

24 

AVROS 49 

12-10-29 

60 

22 

AVROS 50 

12-10-29 

60 

15 

SR 9 

■•Sth to 21st 
Nov. 1929 

60' 

19 

H 2 . 

8th to 21st 
Nov. 1929 

60 

29 

Paths were dug to connect up all individual terraces 

in the portions of 


the land thus terraced, 'fhese have the double object of connecting up the 
individual terraces scf that continuous terraces may be shown and lettered on 
the plan, and of facilitating movement from one terrace to another. The 
paths have been sloped back into thei land like miniature terraces. 

The extraction of stumps was resumed in December after an interval 
of several months apd 5 acres had been completed by the end of the year, 

'J1ie building of stone steps was also resumed. These are following 
the temporary earth paths and steps cut during the year since the latter 
have been marked on the plan. 

The position as regards the imported foreign budded stumps in the 
buS-wood nursery at the end of the year w’as as follows;— 

Clone Number of plants Number of whk'h 

buds had shot 


AVROS 49 • 


74 

29 

AVROS 50 


74 

8 

Tj 1 , 

... 

30 

8 

Tj 8 


' 129 

11 

Tj 16 


130 

2 

BD 5 

... 

60 

7 


I'he buds of the remainder are alive. 


T. H. HOLLAND, 
Manager, 

Experiment Station, 
Peradeniya. 
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SCHNEIDER CHALLENGE CUP 
COMPETITION 


T he competitoin organised among registered school gardens in thr 
Central Division of the Department of Agriculture for a challenge 
cup offered by Sir G. S. Schneider was held for the second year 
in succession in 1929i when 64 entries were registered from 
Kandy, Nuwara Eliya, Matale and Kegalle districts, which is 
more than double the entries of the previous year. The increase in 
numbers is an indication of the enthusiasm that has been infused into the 
teachers and pupils of the schools which possess registered gardens by the 
ofler of this cup for competition. 

This is an incentive to satisfactory garden work^ and reports on the 
competition show that marked improvement has been noticed in the work 
carried out in the various schools. Particular attention was paid to the 
different sections of the gardens; terracing, laying out of beds, manuring 
and grouping of crops had been carried out comrnendably. A noticeable 
feature was the establishment of live hedges and fruit nurseries in a number 
of gardens. Most of the gardens are now in* a position to issue regular 
supplies of fruit plants to pupils for their home gardens. 

From the commencement of the competition, instructions and advice 
were given to the competitors by the officcr-in-charge of school gardens at 
intervals, who also carried out the preliminary judging. At the final judg¬ 
ing, K/Nugawela Government Vernacular Hoys* School Garden was 
adjudged the winner of the trophy with 95 out of a possible 100 points, 
closely followed by KG/Beddewela G. V. B. .S. and K/Alawatugoda 
G. V. B. S. which tied for the second place with 91.' 

The winning school is entitled to a replica of the cup for retention. 
K/Nugawela was the successful school last year also. 


CHILLIE CULTIVATION COMPETITION HELD 
IN THE JAFFNA DISTRICT 


A 


chillie cultivation competition was organised in the Jaffna district 
for the third year in 1929. The plots were tidy and clean, and 
the general level of cultivation was better than last year. 

The final judging was done by the Divisional Agricultural 
Officer, Northern, assisted by an Agricultural Instructor and 
experienced cultivator, and the following have been adjudged prize- 


an 


winners 


1. Vaithianather Eliyathambi of Anaicottai ... Rs. 30*00 

2. Nagamuttu Ramapillai of Kokuvil West ... Rs. 25*00 

3. V. Karthigesu, Policie Vidane of Alaveddy ... Rs. 20*00 

4. Kasipillai Thamotherampillai of Alaveddy ... Rs. 15*00 

5. Arumugam Venatagapillai of Suthumalai North Rs. 7*50 
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REVIEW 


TEA AND TEA DEALING* 


T hough primarily designed as a handbook for the guidance of 
those who intend embarking on the career of a tea dealer, this 
recent addition to existing literature on tea provides interesting 
reading for anyone who is concerned with the industry whether 
as a broker, a shareholder, or planter and perhaps especially 
for the latter, as it deals with the phase with which he is probably least 
familiar, namely the handling of the product after it reaches its destination 
in London. 

In his treatment of the subject, the author is to be congratulated on 
having condensed in Wery readable form a summary of the history of the 
tea planting industry in those countries with which it is essentially connected, 
an account of the general method of cultivation and manufacture, and the 
final treatment of the manufactured article before it reaches the consumer. 

The chapter on production and consumption is judiciously illustrated 
with interesting statistics, one table shewing the precentage shares of 
India, Ceylon and other producers in the import trade of the chief con¬ 
suming countries. In this connection the author alludes to the good results 
which have attended the strenuous selling efforts made by India 5ind Ceylon, 
a rjemark which may come as a surprise to ardent propagandists in this 
Island, though it is certainly true that the percentage of Ceylon imports 
into America has increased by 14% between 1913 and 1927. 

In a brief summary of the development of the tea industry in Ceylon 
the statement is made ^at for the most part tea plants are to be found at 
an elevation of about 3,000 feet, which perhaps hardly does justice to the 
large acreage of high-grown tea which contributes so largely to the market 
average maintained by the Ceylon product. , 

After a chapter on office routine the book closes with some sound 
words of advice on salesmanship and the duties of the employer to the 
employee which are of universal application. 

The appendix of extracts from the Report by the Food Council to the 
President of the Board of Trade made in 1926 is of particular interest at 
a time when restriction of output is again being contemplated.—A. G. 
Baynham. _ 

• Tea and Tea Dealing by F. W. F. Staveacre, London: Sir Isaac Pitman 
Sons, Ltd., 1929. 7s. 6d. 
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ANIMAL DISEASE RETURN FOR TH^ MONTH 
ENDED 3l8t JANUARY, 1930. 
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8 
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i G. V. S, Office, 

\ CelenriM, 7th Pebruary, 1930. G. W. STURGESS, 

\ Gevermnent Veterinary Surgeon. 





















METEOROLOGICAL. 

JANUARY, 1930. 


SUition 

t 

Temperature 

Mean 

Humidity 

l-cJi 

0 g A U 

£oi! t 

mi 

• *0 £ 
III 

C ^ c 

s ^ 

Daily Mean 
Velocity 

Rainfall 

Mean 

Daily 

Shade 

Dif¬ 

ference 

from 

Average 

B 

g 

E 

< 

*— hi 

c IT * 

s ► 

Dilference 

from 

Average 


0 


% 



WHHl 

Inohes 


Inches 

Colombo 










Observatory- 

,790 

+ 0'4 

76 

5T 

N 

117 

575 

11 

+ 1-93 

Puttalam 

77‘4 

+ 05 

80 

56 

NNE 

105 

272 

12 

— 0-57 

Mannar 

78’3 

0 

82 

6‘6 

NNE 

194 

4 21 

12 

+ 1-42 

Jalfna 

766 

—02 


68 

NE 

49 

16-89 

12 

+14-25 

Trinpomalee - 

775 

0 1 

81 


NNE 

1*20 

12 45 

15 

+ 5-89 

Batticaloa 7 

77 0 

0 

85 


N 

175 

11-25 

16 

+ roi 

Hambantota - 

790 

+ 06 

78 


NE 

285 

ro3 

8 

— 2 40 

Galle 

79'0 

+ ro 

80 


Var: 

no 

3-71 

7 

— 0-45 

Ratnapura - 

806 

+ 13 

74 

48 

— 


637 

15 

+ 0-83 

Anu’pura 

76‘0' 

-05 

.84 

6-4 

1 

— 

3 08 

15 

— 088 

Kurunegala - 

78T 

+ 05 

76 

5'8 

— 

— 

4 97 

12 

+ ri9 

Kandy 

7ST 

+ 1*3 

74 

4-5 

— 

— 

11-87 

14 

+ 664 

Badulla 


+ 06 

84 

57 

1 - 

— 


17 

-- 2 84 

Diyatalawa - 

65 3 

+ r2 

79 

5 9 

— 

— 


13 

— 125 

Hakgaia 


+ n 

82 

5-0 

— 

— 


20 

+ 2 32 

N'Eliya 

568 

+ 0'4 


5*6 

' “ 



16 

+ 1-20 


There was considerable rain during the first half of the month and 
very little in the second half. The resulting total for the whole month was 
well above average in the extreme north and along the north-east coast. 
The average was passed at nearly all stations in Sabaragamuwa and at 
the majority of those in the W.P. and C.P. In the N.W.P. small excesses 
and small deficits were about equally divided. In Uva and the S. P. deficits 
were in the majority, while in the N. C. P. and the part of the E. P. south 
of Batticaloa; practically all stations were in deficit. 

The highest totals were St. Martin’s (Upper) 36'10 and Hendon 30 37 
both of which are below their January averages. Other stations with over 
20 inches were Allai, Arawa, Deanstone, Dooroomadella and Uva Estate. 

Falls of over 6 inches in a day were reported from Mahaoya (7’40 on the 
9th), Iranamadu (6'99 on 3rd), Tonigala (6 70 on 17th) and at Point Pedro, 
Kayts and Sigiri. 

Temperatures were on the whole above their averages and wind velo¬ 
cities in all cases below theirs. 

(Conditions in the latter half of the month can be roughly described as 
more typical of February than January, so that, as in the case of December, 
the weather may be summarised as rather ahead of its normal time-table. 

A. J. BAMFORD, 
Sufit., Ohstmaiory. 
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of Governors, Institute of Plant Industry, Indore, before 
September 1st, 1930. Selected candidates from Great 
Britain and Overseas will be interviewed in London. 
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VISITORS’ DAY AT THE EXPERIMENT 
STATION, PERADENIYA 


At the meeting of the Estate Products Committee, held on 
March 11, it was decided that visitors’ days to the Experiment 
Station, Peradeniya, should be the days on which the Estate 
Products Committee meetings are held (eyery other month) 
and the second Tuesday in the intervening months. Visitors 
are requested to be at the Experiment Station aj: 9 a.m. on 
these days. 




The 


Tropical Agriculturist 

March 1930 ’ 

EDITORIAL 


THE COCONUT INDUSTRY 


A TIEN'IION may be directed to the report of the 
Empire Marketing Mnnr:l which is published in the 
present number of The Tropical Agriculturist. It is 
of interest to coconut planters and those who handle 
coconut products. 1 he report was made at the instance of the 
government of Fiji, a fact which shows that the depression of 
the coconut industry is affecting other countries than Ceylon, 
and we are indebted for a copy of it to the Agricultural Adviser 
to the Secretary of State for the Colonies. A copy of the report 
has been placed in the hands of the Chairman of the Commission 
which is considering the state of the local coconut i^ndustry with 
a view to reporting on the steps to be taken to assist it. 

The figures for 19*29 show that in the case of fresh coconuts 
and copra an increase of ext>orts from Ceylon was accompanied 
by a decrease in the value of the products. Desiccated coconut 
exports compare unfavourablv with those of 1928 in both 
amount and value, while the figures for coconut oil and poonac 
show increases over 1928 in both quantities exported and their 
values. The price of copra fell in 1926, recovered to a slight 
extent in 1927 and fell again in 1928. The fall was continued in 
1929 although there was a recovery in June. The copra market 
was affected by the large and cheap supplies of grain which were 
available and by the consequent fall in demand for oil-cake for 
the feeding of cattle. It will be noted that pre.sent-day copra 
production is almost double that of pre-war years. The high 
pnces obtained by growers during the years immediately follow¬ 
ing the war led to an extension of coconut planting which is res¬ 
ponsible for the pre.sent over-production. Further, new areas 
have yet to come into bearing, and it follows that a remedy for 
the present position lies in an increase in the demand for copra 
through the finding of new markets and new uses for it and 
tfeugh the cheapening of production. 




There is also the question of competing products. The 
production o^ whale oiil, groundnuts and vegetable oils in general 
has increased, and soya beans have been used by the makers of 
margarine in increasing quantities. The soya bean is exported 
from China and Korea, and, whereas the exports of China 
averaged 685,000 tons over the years 1909-1013, they rose to 
1,732,000 tons in 1927. The soya bean is therefore a serious 
competitor in the vegetable oil market. It. is pointed out in the 
report, however, that copra is in greater demand by the makers 
of margarine than are oil seeds. Copra prices may be affected 
by the buying policy of the margarine combine which was 
established in 1929 for, when supplies are large, the combined 
buyers may be able to depress the market. The remedy would 
seem to lie in co-operative marketing by the sellers. 

The above points must be considered, but the importance 
of cheaper production must not be overlooked. Coconut culti¬ 
vation is capable of an all-round improvement through the adop¬ 
tion of manuring and green-manuring programmes and of 
methods for the conservation of soil moisture, and the progres¬ 
sive policy of removing low-yielding palms and replacing them 
with plants derived from selected high-yielding palms may be 
urged on the industry. Attention should also be given to the 
processes of manufacture; a reliable product is always in 
greater demand than a variable product. It is apparent that 
interesting and profitable lines of work await the attention of the 
Coconut Research Scheme and it is hoped that the Scheme will 
play in due tourse a large part in thp improvement of the coco¬ 
nut industry. 
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A FURTHER NOTE ON INDIGOFERA 
ENDECAPHYLLA AS A COVER CROP 
FOR TEA 

T. H. HOLLAND, DIP. AGRIC. (WYE), 
MANAGER. EXPERIMENT STATION, PERADENIYA 

INTRODUCTORY 

I N an article entitled “ Tea and Indigofera endecaphylla ’* 
published in The Tropical Agriculturist of Februgiry, 1928, 
the writer reviewed the ascertained and probable results of 
planting such a cover crop in tea.The yields of another two- 
year period are now available from the Peradeniya plots, and, 
in addition, the replies to the questionnaire on green manuring 
sent to all estates in December, 1928, have furnished a certain 
amount of information on estate experience and practice with 
this cover. 

The advantages and possible disadvantages of a cover crop 
in tea are now generally known but may be briefly recapitulated. 
Advantages: • 

(1) Prevention or lessening of soil erosion. 

(2) Addition of organic matter to the soil, resulting in an 
added capacity to retain moisture and improved 
physical condition. 

(3) Opening up and improvement of the physical condition 
of the soil by the root action of the cover crop. 

(4) Increase of nitrogen if a leguminous crop is used. 

(5) The .shading of the ground. 

The ultimate criterion of the value of a cover crop must of 
course rest on whether larger crops per acre are obtained and 
whether the value of such increase in crop is greater than the 
additional expenditure incurred. 

Possible Disadvantages: 

(1) The cover crop may creep up and smother the tea 
bushes. 

(2) Snakes and leeches. 

(3) The cover crop may by undue absorption and transpira¬ 
tion of moisture detrimentally affect the tea. 

(4) The control and treatment of the cover crop may prove 
too expensive or absorb more labour than the estate can 
spare. 
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With regard to (1), InJigofera endecaphylla will not climb 
up a bush; it will grow up through a bush but is quite easily 
removed by hand. 

The presence of snakes is perhaps the most serious objection 
to a cover crop in tea. Two pluckers have been bitten in four 
years at Peradeniya. As a general rule leeches do not seem to 
be very troublesome in Indigofera but after the heavy rains in 
November, 1929, a good many were found at Peradeniya. 

The fear of undue loss of moisture does not seem to have 
materialised. The Agricultural Chemist has found that after 
the cover hus been in possession of the ground for two years or 
so less moisture is lost from soils under a cover crop than from' 
bare soils. Probably the effective check to the run-off and 
consequent incre&sed entry of rain into the soil is a potent factor 
in retaining moisture. Tea at Peradeniya does not appear to 
have suffered at all in this respect. 

With regard to the labour question it is hard to e.stimate 
actual increases' and savings of expenditure due to the presence 
of a cover crop. The headings may be tabulated as under. 

Savings in expenditure Increases iri expenditure 

Weeding ... Planting cover crop 

Drains ... Manuring or forking 

Weeding will cost more in the early stages of growth of 
the ‘ cover but there will certainly be an eventual saving. 
When the cover is fully established drains can be neglected. 
Drains on tbe Indigofera plots at Peradeniya have not required 
attention for three years. The increased cost of manuring or 
forking depends partly on the cultural treatment of the cover 
plants to be undertaken, and this question will be discussed 
later. 

THE PERADENIYA EXPERIMENT 

After pruning in October-November, 1925, fourteen plots 
comprising six half-acre plots and two one-acre plots of old tea 
which had previously been used for a manorial experiment 
were planted with Indigofera endecaphylla. These plots were 
previously under a manorial experiment and the same manorial 
treatment has been continued throughout. To apply the 
manures the method has been to make a vertical cut down the 
middle of the row with a grass knife and drag back the creeper 
to both sides of the row to be manured with mamoty 
forks. The manures are then broadcasted down the middle of 
the row and forked in by envelope-forking. After the first 
manuring the roll of Indigofera was laid back again but this extra 
labour was subsequently considered unnecessary. In later 
applications no further action was taken and a fresh cover was 
rapidly formed from the roots left in the ground when the creeper 




Was rolled back and from growth from the sides. ^ The opeta- 
tion of cutting and rolling back the creeper is done by a gang 
of one man and two women and, for alternate rows, costs about 
Rs. 5.00 per acre. 

All other operations such as plucking and pruning have 
been continued in exactly the same manner as formerly, so that, 
except for the presence of the Indigofcra, conditions have re¬ 
mained the same. No forking in or other cultural treatment of 
the Indigojera has been attempted, the object being,in the first 
instance to ascertain the effect of the mere presence of the cover 
crop on the yield and health of tea. 

In considering yields of green leaf the period between two 
prunings is taken as the crop period, and the period between 
the 1923 and the 1925 prunings, \vhen no Indigofera was present, 
is taken as the standard of comparison. 

In the previous article in addition to the actual .yields the 
calculated yields for a full acre of 2722 bushes of a half acre 
of 13f)l bushes were taken into consideration. The object of 
such a calculation was to allow for differences in the number of 
bushes in bearing in different [)erioiis due to deaths after pruning 
and to supplies coming into bearing. , 

.Such a calculation is now considered unsound. In this 
instance this form of calculation results in a most irregular set 
of figures and these are not published. The number of bushes 
in bearing (from a census taken in the middle of each period) 
is however given. 

As the manures applied may have .some interaction on 
the effect produced by the Jndigojcra this information is also 
given. 










The table shows a nett decrease in yield of 1 per cent, in the 
first two-year period and a nett increase of 4^ p§r cent, in the 
second period. In the 1925-27 period the effect of the 
Indigojera would scarcely be fully felt and in addition there were 
1294 less bushes in bearing and the rainfall was 12.31 inches 
less than in the 1923-25 period. 

In 1929 the pruning was started a month earlier than 
usual and the cropping period was thus a month shorter than 
the other two periods. There were, it is true, 748 more bushes 
in bearing, but against this the rainfall was no less than 29.44 
inches less than that of 1923-25 and 17.13 inches l^ss than that 
of 1925-27. In spite of these disadvantages all the plots except 
two have in the last period shown substantial increases in yield. 
There are no proper controls in this experirp^nt but it may be 
mentioned that plots 144, 150 and 155, parts of which were 
under another manorial experiment, showed decreases in yield 
of between 24 per cent, and 40 per cent, in the 1927-29 period 
compared with the 1923-25 period. 

1929 was a particularly dry year and if any ill-effect was 
to have been observed as the result of undue absorption of mois¬ 
ture by the cover crop one would have expected to observe it in 
that year. The tea however remained vigorous and looked 
better than clean-weeded tea. 

SOIL ANALYSIS 

Soil analyses were made in the Chemical Laboratory at the 
end of each two-year period. The results will be only 
geneially mentioned as they will be more fully diScussed by the 
Agricultural Chemist in a separate article. 

At the end of the 1925-27 period there was a distinct increase 
of over .01 per cent, of nitrogen in five plots and a distinct fall 
in four plots. On the whole there was a slight decrease in 
nitrogen. At the end of the 1927-29 period, however, there 
was a substantial increase of nitrogen content in nearly all plots. 

There was a satisfactory increase in organic matter at the 
end of the 1925-27 period and a further considerable increase at 
the end of the 1927-29 period. 

Mechanical analyses were also made and showed that in the 
1925-27 period there was a loss of silt and clay (presumably due 
to erosion) in spite of the presence of Indigofera. This loss 
however now appears to have been checked as at the end of 
the 1927-29 period no further decrease of silt and clay was 
found to have occurred. 

CULTURAL TREATMENT 

Although, as stated, no cultural treatment, other than the 
clearing of the cover crop necessary for the application of 



manures, has been attempted 4t Peradeniya, information from 
estates shows, that such treatment is being undertaken in a num¬ 
ber of cases. 

Some estates cut and fork in the creeper; others fork it in 
without cutting. Costs of cutting and forking in the creeper vary¬ 
ing between Rs, 4.80 and Rs. 5/- per acre are given. One 
estate cuts the creeper at manuring, throws it into the next row 
and forks it in at a total cost of Rs. 7.50 per acre. There is no 
difficulty about forking through the creeper without cutting it but 
the writer’s experience is that it is difficult to incorporate any 
considerable amount of green material in the soil without cutting 
first. 

T^here is little doubt that forking in the creeper will bring 
increased benefit "but it must also be pointed out that the mere 
presence of the creeper has at Peradeniya undoubtedly improved 
the physical condition of the soil. 

NEW CLEARINGS 

The planting of a cover crop in new clearings is a vexed 
question. The greatest loss of surface soil is likely to occur in 
the first year or two after clearing and therefore to delay the 
planting of a cover crop would be equivalent to shutting the 
stable door after the hor.se had gone. It is sometimes main¬ 
tained however, that Indigofera strangles young tea plants and 
should not be plantejl in the first year or two. A Badulla estate 
complains that the creeper absorbs too much moisture in the dry 
weather and that the young tea plants have suffered accordingly. 
Another estafe in the same district says that Indigofera has been 
found definitely injurious to young tea. An estate in the 
Kelani Valley says that the creeper strangles young tea plants. 
On the other hand a Moneragalla estate (another dry district) 
says that it has proved a great success in young clearings. The 
writer’s experience at Peradeniya is that supplies definitely come 
on better aimong' Indigofera than in clean-weeded areas but that 
after centering plants do not spread so well. It would appear 
probable that in new clearings the moisture factor assumes 
predominance and in the drier districts the planting of Indigofera 
may not be advisable in new clearings for the first year or two. 
In the wetter di.stricts planting may be recommended as long as 
the young tea plants are kept sufficiently clear of the creeper. 
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A NOTE ON THE EFFECT OF INDIGOFERA 
ENDECAPHYLLA ON THE NITROGEN AND 
ORGANIC MATTER CONTENTS AND THE 
MECHANICAL CONSTITUTION OF TEA 
SOILS AT PERADENIYA 

A. W. R. JOACHIM, B.SCm A.I.C., DIP. AGR. (CANTAB.) 
AGRICULTURAL CHEMIST, 

I N a paper entitled “A Further Note on'Indigofera 
endecaphylla as a Cover -Crop for I'ea ” in this issue of 
The Tropical Agriculturist, Mr. T. H. Holland, Manager 
of the Experiment Station, Peradeniya, ’gives an account 
of the experiment begun in 1925 to determine the-effects of a 
cover of Indigofera on tea. He indicates that, from the point 
of view of crop yield, the cover has produced beneficial results 
during the second period of its growth, i.e., from 1927 to 1929. 
In order to ascertain whether the cover was producing equally 
beneficial effects on the soil and whether it was effectively, pre¬ 
venting soil erosion, nitrogen and organic rdatter determinations 
and mechanical analyses of soil samples taken from the plots 
were made in the Chemical Laboratory in October-November 
1925, 1927 and 1929 respectively. The soil samples were taken 
to a depth of 9 inches, in every case before pruning, and in 1925 
just before the cover was planted. There were altogether 
sixteen .soil samples examined at each .sampling though the yield 
data from only fourteen of the plots were* dealt with by 
Mr. Holland. The analytical determinations were carried out 
on air-dry soil sieved through a 3 mm. sieve, as in the old British 
method of analysis, the reason being that when the analyses were 
started in 1925 the new method had not become official. 
Nitrogen was determined by the Kjeldahl method and for the 
purpose of this investigation loss on ignition was taken as 
organic matter. This is not strictly correct, but, as the results 
are comparative, it answers the purpo.se satisfactorily. 

The results are shown in tables I., II., III., and IV. below. 
Tables I and II show the results of mechanical analyses of the 
soils and table III the results of the chemical analyses. The 
detailed figures of the mechanical analyses are not given, but 
only the percentages of fine and coarse soil particles. Table 
IV shows the average percentages of nitrogen, organic-matter, 
coarse soil and fine soil for the years 1925, 1927 and 1929. 
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Table III 
Per cent nitrogen 
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An examination of tables III and IV will show that there 
is in most cases an increase in the nitr^en contents of the soil 
samples in 1929 over those of 1927. The average percentage 
for all samples is '098 in 1929 as compared with -087 in 1927 and 
•096 in 1926. The high 1925 average is due to the unaccountably 
high nitrogen content of the sample from plot 145 in that year. I f 
the results of this plot are eliminated, the average nitrogen per¬ 
centages work out at "089 in 1925 and ‘088. in 1927. 1 hese 

figures are bracketed* in table IV. It will thus be seen that 
partly as a result of the growth of the cover and perhaps portly 
owing to the yearly application of a nitrogenous manure mixture 
to most of the plots, the nitrogen contents of the plots appear, 
on the whole, to be steadily increasing even though the cover is 
not ploughed in. ‘The addition of the 20 lb. of nitrogen per 
acre to sorn'e of the plots has probably had some effect on the 
soil nitrogen contents of the lattSr, either directly or indirectly, 
but, as four of the plots that had no nitrogenous manures added 
to them have also shown increases in nitrogen, it is reasonable 
to infer that the leguminous cover crop has certainly contributed 
towards the increase in soil nitrogen. 

As regards organic matter gauged by loss on ignition, the 
'ble shows clearly that there is a steady and appreciable increase 
in the organic matter contents of all the plots as a result of the 
growth of the cover.. In 1925 the average organic matter 
content was 3-73 per cent., in 1927 it was 4‘56 per cent., and in 
1929 as much as 5-29 per cent. The percentage increase of the 
1929 organic matter average over that of the 1925 average is 
over 40. The organic matter increase is due to decomposed 
Indigofera material. 

SUMMARY 

The analytical examination of soil samples from the tea 
plots at the Experiment Station, Peradeniya, under Indigofera 
endecaphylla carried out in 1926 before the c iver was planted 
and again in 1927 and 1929 respectively show that (1) though 
there appear to have been losses of some of the firer soil 
particles through erosion between 1925 and 1927 when the cover 
was being formed, the losses have been effectively checked since, 
apparently as a result of the improved growth of the cover ; 
(2) there is a fairly appreciable increase, in the average nitrogen 
content of the plots in 1929 over that of 1927; the 1927 aver jge 
is the same as that of 1925 if the unexpectedly high result of 
one plot is left out in the calculation of this average; (3) there 
has been a large and steady increase in the organic matter (loss 
on ignition) contents of all the plots .since 1926, the 1929 
average being as much as 40 per cent, higher than that of the 
1925 average. 
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THE MANURIAL AND FEEDING VALUE 
OF A BY-PRODUCT OF THE COCONUT OIL 

INDUSTRY 


A. W. R. JOACHIM, B.SC., A.I.C.. DIP. AGR. (CANTAB.) 

A sample of cake reported to have been obtained as a 
by-product of the coconut oil industry*was recently 
sent for investigation vif its feeding and manurial 
value. As the results of the analysis are of general 
interest they are published in the hope that this by-product of the 
coconut will find some use. The table below shows/he analvsis 
of the sample of cake and its feeding and manurial value. The 
analyses of .samples of coconut poonac and of linseed cake are 
shown for purposes of comparison. 


FEEDING VALUE 



Coconut oil 

Coconut 

Linseed 


residue cake 

poonac 

cake 


per cent 

per cent 

per cert 

Moisture 

... 1017 . 

7-56 .. 

. 11 0 

Proteins 

... 30-69 . 

.. 21-50 .. 

. 32 3 

Ether extract (fat) 

... 16-44 . 

.. 10-02 .. 

9-9 

Carbohydrates 

... 35-13 . 

. 42-23 ... 

. 32 2 

Fibre 

... 0-93 . 

. 11-85 .. 

8-7 

Ash 

... 6-64 . 

6-84 .. 

5-9 


100-00 .. 

. 100-00 .. 

. 100 tO 

Food unit 

...152-9 . 

.. 121-0 

. 137 7 

Nutritive ratio 

... 1:2-4 

1:3 

1:2 

MANURIAL VALUE 

per cent per cent 


Nitrogen 

... 491 . 

3 83 


Phosphoric acid 

... 2-13 . 

147 


Potash 

... 1-80 . 

1-29 


Lime 

... 1-09 . 

0-90 



It will be noted that as regards feeding value the eke 
appears superior to coconut poonac and even to linseed cake 
which it closely resembles in appearance. Its fat and protein 
contents are much higher than those of coconut poonac while its 
fibre content is extremely small when compared with that of any 
other cake. It contains more food units than either coconut 
poonaic Or linsoed cake, and has a nutritive ratio which is between 





that of coconut poonac and of linseed cake. The cake should 
therefore be useful as a concentrated feeding stuff for cattle and 
pigs. The sample examined had however a rancid odour and if 
all samples of the cake are similar in this respect, it will not be 
suitable for cattle, especially dairy cattle, except perhaps in very 
small quantities and unless mixed with other feeding stuffs. It 
is however worth experimenting with on a small scale. 

As regards its manorial value the analysis indicates that it 
is richer in nitrogen, pliosphoric and potash than either coconut 
poonac or castor cake. It is therefore a valuable organic manure 
but for its high fat content which will render its decomposition in 
the soil very slow. If, however, some of the fat it contains is 
expressed by means of solvents or other means, the residual cake 
will be an excellent organic manure. As the cake is reported to 
be obtainable from local oil mills at about Rs. 50.00 per ton as 
compared with castor cake at R^. 110.00 per ton, and in fairly 
large quantities, it will be realised what a useful source of feeding 
and fertilising material coconut oil residue cake may be. 

ANALYSIS OF TRIDAX PROCUMBENS 
(‘‘KURUNEGALA DAISY”) 

A sample of the weed Tridax procumbens which grows pro¬ 
fusely in the Kurunegala district where it is popularly known as 
the Kurunegala daisy was forwarded for analysis. As the 
results of the analysis are interesting they are published for 
general information. 



On fresh material 

On material at 


per cent 

loooc. 

per cent 

Moisture 

86-90 

_ 

*Organic matter 

O'TO- 

74-08 

+ Ash 

3-40 

25-97 


100-00 

100-00 

^Containing nitrogen 

-332 

2 53 

+ Containing 
potash 

•835 

6;37 

lime 

•449 

3-43 

phosphoric acid 

•154 

117 


It will be noted that this weed contains comparatively large 
quantities of potash, phosphoric acid and lime, especially of the 
two former. The nitrogen content is comparatively low. It 
should therefore be weeded out from land under annual crops. 
If it grows under coconuts, it should be periodically cut before 
the flowering stage and left as a muldt on the surface or 
as a green manure. 
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THE COCONUT INDUSTRY 

{The following report was submitted to the Government of Fiji by the 
Empire Marketing Board. We are indebted to the Agricultural Adviser to 
the Secretary of State for the Colonies for a copy of it.—Ed., T./4.] 

Average prices per, ton of Federated Malay States Singapore copra 
c.i.f. London, during recent years have been as follows : 

Table I 

Annual average prices of copra 


Year 


Price per ton 

Year 

Price per ton 



fi. 

s. 

d. 


, £. s. 1 

d. 

1916 


33 

13 

9 

1923 

P 17 

6 

1918 (controlled) 


45 

10 

0 

1924 

29 15 

0 

1919 


52 

10 

t) 

1925 

30 5 

0 

1920 


56 

7 

6 

1926 

28 12 

6 

1921 


30 

12 

6 

1927 

• 27 10 

0 

1922 


24 

15 

0 

1928 

26 17 

6 

2. Changes 

in quotations 

for 

copra during the past three vears 

are 

shown below*: 










Table 11 





Variations in 

copra prices 1926-1928 



£ 

s, d. 



£ 

d. £ 5 , 

d. 

1926 lanuarv 

29 

1 6 

December 

26 2 

'6 Fall 3 5 

0 

1927 ‘ „ 

27 

2 6 



28 7 

6 Rise 1 5 

C 

1928 „ 

28 

12 6 


ft 

25 0 

0 Fqll 3 12 

6 


During the current year the price fell to £20.lO.Od. in May but rose in 
the following month to £24.1().0d. again receding to £23 in August. The 
low prices early this year are partly attributable to prospects of plentiful 
supplies of grain, offering a cheap feeding stuff for cattle as an alternative 
to oilcake. 

3, There has of course been a very substantial increase in the pro- 
ducti<ai of copra in t'omparison with pre-war years. The following figures 
extracted from the Year Book of the International Institute of Agriculture 
(with certain later figures where available) show the average net exports 
of copra in the quinquennium 1909-13, and during the past five years, with 
separate particulars for the five groups of countries which together account 
for some 90 per cent, of the quantities entering world trade. 


Table III 

World exports of copra 



1909-13 1924 

1925 

1926 

1927 

1928 



Thousand tons 

Thousand tons 


Total 

545 

875 

907 

1008 

903 

_ 

British Malaya 

4 

92 

86 

104 

87 

95 

Dutch E. Indies 

234 

338 

335 

371 

300 

431 

Philippines 

128 

154 

145 

171 

196 

234 

Ceylon 

41 

88 

113 

121 

99 

99 

Sou^ Seas ^ . 

70 

139 . 

148 

159 

159^^ 

— 


Provisional, 



'^ 144 . , 

t , ' 

4. The high prices ruling for copra iri 1919 and 1920 resulted iri an 
Increase in coconut plantations* After the slump of 1920-21 prices rost 
from 1922 to 1925 and it was hot until 1926, when the new plantations 
began to come into bearing, that the increase in world supplies showed 
signs of outstripping the increase in demand. World supplies in 1927 fell 
back to about the 1925 level and it is noticeable that there was some 
appreciation in values during the year, but although complete figures for 
1928 are not yet available, there was evidently a striking recovery in 
supplies in that year, four groups of countries, which together account for 
75 per cent, of the world’s exports, having an export 12 per cent, in excess 
of the 1926 total and* 26 per cent, higher than in 1927, Information 
obtained from trade sources indicates that during the first quarter of the 
current year world shipments showed a further appreciable increase over 
the corresponding period in 1928, hut that there was a decline during the 
second quarter. These fluctuations are reflected in the varying quotations 
for copra during 1929, given in paragraph 3 above. 

5. It appears, therefore, that the fall in copra prices during the past 
1^ years hds been partly clue to increased production, following the high 
prices, and consequent new plantings, in 1919-20. The majority of new 
plantations established during these two years are presumably now in 
bearing and allhc:)ugh pr()duction may he expected to continue to increase 
for a year or two, there is every probability that the rate of increase will 
tcind to slow down. On the other hand, there is reason to believe that the 
consumption of copra will continue to increase owing to the growth of 
population and the increasing use of vegetable oils. 

6. With regard to competitive products, it is no doubt true that the 
increased production of groundnuts and whale oil, both of which are 
largely used in margarine making, has contributed to the depression in the 
copra market, and the, increased world production of other vegetable oils 
is doubtless a further contributory factor. World exports of groundnuts 
during pre-war and recent years are given in table IV below : 

Table IV 

World exports of grouiid7niis. 



1909-13 

1924 

1925 

1926 

1927 

1928 


Thousand Ions 

'thousand tons 

Thousand tons 

Total 

555 

992 

1333 

1377 

1293 

— 

British India 

192 

243 

463 

444 

475 

749 

French W. Africa 

205 

312 

444 

480 

404 

386 

British W. Africa 

64 

139 

176 

188 

160 

195 

China 

39 

196 

168 

176 

— , 

— 


7. It is of course impossible to foretell with any degree of accuracy 
what may be the further trend in production of an annual crop such as 
groundnuts. Any continued depression in market values would presumably 
be followed in due course by a reduction in acreage under cultivation. As 
regards whale oil. figures of production, obtained from trade sources, 
indicate an increase from 109,000 tons in 1922 to 203,000 tons in 1927 and 
226,000 tons in 1928. Production in 1929 is expected to reach nearly 
300,000 tons. 

8. It is impossible to determine to what extent recent combinations of 
buyers and the creation of a margarine combine covering the greater part 
of margarine production in this country and on the Continent have affected 
the market for copra. It appears, however, that since both copra and 
palm kernels are more exclusively used for margarine than other Oil seeds, 
their price depends to a larger extent on the buying policy of the margarine 



combine. When supplies are an excess of demand a combination of buyers 
may undoubtedly depress the market unduly to the disadvantage of sellers 
and has led in other industries to combination or co-operative selling on 
the part of producers. 

9. As you are aware the Board’s Statistics and Intelligence Branch 
undertakes perkxiical surveys of the world position of certain commodities, 
and the question of a world survey of the production and consumption of 
oil seeds is now under consideration. The above information has been 
compiled on the basis of information already available in the publications 
of the International Institute of Agriculture supplemented by trade statistics, 
but it is hoped that more complete figures will be obtained as a result of 
the world agricultural census of 1930. ^ 

Table A 

Domestic exports of coconuts from producing, cowttries in the Empire, 
with the corresponding figures for the Dutch Ee^st Indies 


and th<f Philippines 


Kxporting country 

Unit 

1925 

1926 

• 1927 

1928 

British \\>st Indies: 
St, Vincent 

No. 

9,435 

20,463 

11,383 

(a) 


£ 

20 

102 

52 

(a) 

St, Lucia 

No. 

123,516 

118,501 

96,813 

141,667 


£ 

432 

381 

351 

499 

(irenada 

No. 

50,500 

38,100 

27,200 

32,770 

(a) 


£ 

111 


58 

Leeward Islands 

No. 

229,990 

300,494 

538,057 

(a) 

(b) 

£ 

1,198 

2,326 

,3,885 

(a) 

Jamaica 

No. 

26,380,697 

23,040,616 

33,179,198 

31,104,831 

£ 

154,122 

103,378 

166,887 

159,426 

Trinidad ^ 

No. 

8,633,981 

5,041,036 

6,463,765 

6,799,655 

'lobago 

£ 

45,834 

25.135 

32.298 

34,824 

Bahamas 

No. 

3,000 

23,320 

— 

— 


£ 

14 

99 

— 

— 

British Honduras 

No. 

5,785,158 

5,512,560 

5,929,834 

(a) 


£ 

28,298 

(a) 

(a) 

(«) 

British (iiiiana 

No. 

1,363,280 

815,917 

334,185 

321,635 


£ 

7,146 

3,904 

1,254 

1,237 

Ley Ion 

No. 

23,288,786 

16,951,368 

18,875,750 

18,016,191 


£ 

146,131 

104,396 

113,320 

106,928 

British India 

No. 

265,029 

134,230 

178,359 

146,305 


£ 

1,726 

829 

1,166 

949 

North Borneo 

No. 

292,653 

668,693 

681,208 

(a) 


£ 

1,032 

2,338 

2,387 

(a) 

Sarawak 

No. 

10,411 

5,883 

14,034 

11,285 


£ 

32 

31 

70 

90 


(fi) Information not available. 

(b) Including exports from certain Leeward Islands to other Leeward Islands (inter- 
presidency trade)^ amounting to: 1925, 73,376, value £383; 1926, 93,476. value 
£561 ; 1927, 41,975, value £248. 



Table A (Cmtd.) 


Exporting country 

Unit 

1925 

1926 

1927 

1928 

Fiji 

No. 

243,340 

153,570 

386,213 

(a) 


£ 

1,420 

1,107 

1,160 

(a) 

Federated Malay 

States 

tons 

125 

80 

75 

87 


& . 

534 

356 . 

316 

375 

Unfederated Malay 

No. 

141,000 

300 

(a) 

(a) 

States (Kelantan) 

£ 

497 

1 

(a) 

(a) 

Straits Settlements 

tons 

13,073 

9,851 

13,404 

(c) 6,105 

(Exports less 

£ 

53,858 

45,936 

66,106 

(c) 29,710 

Imports) (d) 

Zanzibar 

• No. 

527,066 

630,090 

775,036 

608,034 

« 

£ 

2,021 

2,496 

3,006 

2,700 

Kenya & Uganda 

tons 

5§ 

91 

43 

22 


£ 

365 

595 

314 

176 

Seychelles , 

No. 

61,000 

83,900 

12,500 

21,500 


£ 

230 

331 

43 

77 

Gold Coast 

No. 

160 

4,495 

145 

218 


£ 

1 

35 

1 

2 

Nigeria 

No. 

188 

1,453 

203 

350 


£ 

2 

7 

2 

3 

Sierra Leone 

No. 

1,010 

2,396 

4,791 

(a) 


£ 

7 

15 

36 

(a) 

Dutefi East Indies 

No. 

136,304 

207,039 

138,838 

(e) 27,467 


£ 

454 

864 

588 

(e) 147 

Philippine Islands 

No. 

6,170 

10,375 

1,000 

1,186 

• 

£ 

35 

57 

5 

5 


(a) Information not available. 

(c) Figures are for six months, January to June, 1928. 

(d) Domestic exports should be not less than the figure given, but may be about Id 
per cent, higher if imports are retained for consumption. 

(e) Java and Madura only. 


Table B 

Domestic deports of copra from producing countries in the Empire, 
with the corresponding figures for the Dutch East Indies 
and the Philippines 


Exporting country 

Unit 

1925 

1926 

1927 

1928 

Ceylon 

tons 

113,686 

120,970 

99,108 

98,833 

£ 

2,881,620 

2,984,905 

2,381,812 

2,387,510 

British India 

tons 

103 

1,635 

907 

101 

Federated Malay 

£ 

5,113 

49,154 

24,395 

4,694 

■ States 

tons 

57,997 

1,321,011 

65,829 

1,497,177 

57,536 

1,188,889 

68,504 


£ 

1,837,189 






Table B (Contd.) 


P-xporting Country 1 

Unit 

1925 

1926 

1927 

~ 1928 

Unfederated Malay States 
(Johore, Kelantan, tons 

36,680 

42,158 

38,355 

(jr) 9,105 

Treiigganu, Perils) 

Straits Settlements 

tons 

142,833 

168,083 

125,721 

(c) 55,174 

(total exports) (b) 

£ . 

3,526,937 

3,920,441 , 

2,755,285 (c) 1,267,653 

Straits Settlements 

tons 

150,573 

170,495 

133,442 

(c)62,438 

(total imports) (b) 

£ 

3,392,928 

3,738,852 

2,758,448 (c) 1,316,750 

North Borneo 

tons 

3,788 

4,833 

3,22^ 

(«) 


£ 

73,676 

90,004 

54,347 

Sarawak 

tons 

713 

1,182 

1,196 

1,852 


£ 

16,410 

26,610 

• 24,707 

32,653 

Territory of 

New (luinea 

tons 

39,151^ 

45,806 

47,613 

(a) 


£ 

815,938 

1,016,930 

849,852 

(a) 

British Solomon 

Islands (d) 

tons 

16,508 

19,206 

22,316 

21,957 

£ 

287,702 

369,283 

411,597 

348,793 

Papua (e) 

tons 

7,765 

8,619 

9,542 

(a) 


£ 

172,905 

204,125 

186,837 

(a) 

Fiji 

tons 

24,133 

27,868 

26,560 

(a) 


£ 

497,713 

573,475 

534,416 

(a) 

Tongan Islands 

tons 

13,758 

13,992 

11,252 

15,671 


£ 

280,386 

255,156 

• 225,344 

282,083 

Western Samoa 

tons 

14,519 

12,250 

11,655 

(a) 


£ 

331,274 

275,086 

242,672 

(a) 

New Hebrides 

tons 

7,371 

8,382 

10,204 

fa) 

(Condominium) 

£ 

162,154 

184,318 

204,090 

(a) 

(filbert and Hllice 

ions 

5,692 

6,341 

2,544 

(a) 

Islands 

£ 

95,928 

128,461 

39,341 

(a) 

Zanzibar 

tons . 

17,246 

17,354 

14,182 

15,493 

(Domestic exports) (f) £ 

377,018 

375,249 

336,163 

372,780 

(Total exports less 

tons 

12,481 

12,790 

10,052 

9,359 

imports) (f) 

£ 

275,907 

281,113 

241,525 

235,513 

Tanganyika 

tons 

7,623 

7,348 

7,267 

9,318 


£ 

160,800 

152,228 

143,024 

191,197 

Kenya and Uganda 

tons 

1,565 

1,101 

736 

1,348 

£ 

35,915 

25,763 

14,070 

28,955 


(a) Information not available. 

(b) Total imports exceod total exports. 

(c) Figures are for period January to June, 1928. 

(d) Years ended 31st March of years stated. 

(e) Years ended 80th June to year stated, 

(f) **Domestic exports” are taken from the “Annual Trade Report of Collector of 
Customs.” Trade statistics are also published in the Blue Book with the following 
note: “Owing to the practice of bulking it is considered that these figures are 
inaccurate, and domestic exports should be arrived at by deducting imports from 
total exports.” This note does not appear in the “Trade Reports,” 

(g) Kelantan and F^rlis only, 
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Table B (Contd.) 


Exporting country 

Unit 

1925 

1926 

1927 

1928 

Seychelles 

tons 

4,797 

5,359 

4,540 

4,896 

£ 

120,884 

128,726 

100,891 

109,497 

Mauritius 

tons 

854 

984 

1,374 

1,393 


£ 

11,620 

21,345 

25,004 

30,898 

Gold Coast 

tons 

1,324 

1,5J3 

1,454 

1,456 


•£ 

30,704 

33,482 

30,674 

32,245 

Nigeria 

( 

tons 

194 

116 

135 

294 

£ 

3,592 

3,999 

2,947 

6,242 

British West Indies t 
St. Vincent 

tons 

295 

340 

535 

‘672 


£ 

5,512 

9,826 

10,083 

12,543 

St. Lucia ^ 

tons 

99 

80 

204 

315 

c 

£ 

3,563 

1,808 

4,409 

8,690 

Grenada 

tons 

23 

68 

63 

119 


£ 

784 

1,420 

1,378 

(a) 

Leeward Islands 

tons 

29 

56 

64 

(a) 

£ 

812 

1,662 

1,796 

(a) 

Jamaica 

tons 

1,567 

4,403 

3,607 

3,415 


£ 

40,877 

96,647 

70,636 

74,101 

Trinidad & Tobago 

tons 

4,449 

6,187 

5,580 

9.532 

£ 

131,243 

166,263 

146,895 

227,555 

British Guiana 

tons 

863 

1,706 

1,163 

3,501 


£ 

20,023 

39,595 

24,276 

73,442 

British Honduras 

tons 

302 

665 

894 

(a) 

• 

£ 

5,954 

(a) 

(^0 

(a) 

Dutch East Indies 

tons 

345,466 

370,930 

306,151 

438,267 


£ 

8,532,674 

8,028,214 

6,034,897 

8,746,045 

Philippine Islands 

tons 

144,392 

171,273 

196,171 

230,715 

(total exports) (h) 

£ 

3,251,117 

3,776,256 

3,940,700 

4.630.719 


Table C 

Domestic exports of coconut oil from prodtuH/ng comitrics in the Empire, 
with the corresponding figures for the Dutch East Indies 
mid the Philippines 


Exporting Country 

Unit 

1925 

1926 

1927 

1928 

Ceylon 

Cwt. 

616,917 

570,463 

673,153 

779,112 


£ 

1,266,020 1 

,160,249 

1,239.159 

1,446,361 

British India 

Cwt.* 

8,193 

15,264 

8,193 

6,132 


£ 

20,751 

36,709 

19,637 

14,992 

North Borneo 

Cwt. 

301 

362 

543 

(a) 


£ 

595 

724 

1,068 

(«) 

(a) Information not 

available. 








Tons. 

Value £ 


fb) Imports of copra amounted to: 1925 

— 





1926 

245 

6,807 




1927 

129 

1,988 




1928 

1.015 

18,115 



* Converted from gallons at th« rate of 8*715 lb.». ! gallon. 
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Table C (Contd.) 


Kxporting country 

Unit 

1925 

1926 

1927 

1928 

Federated Malay 
Slates 

Cwt. 


54 

220 

55 


£ 

— 

112 

407 

108 

Straits Settlements, 
total exports less Cwt. 

213,280 

243,520 

* 290,560 

(d) 146,400 

total imports (c) 

£ 

454,794 

515,643 

569,188 

(d) 279,280 

British West Indies 
St. Lucia 

Cwt.* 

492 

1,485 

• 

305 

72 


£ 

791 

3,847 

735 

184 

1 amaica 

Cwt.* 

— 

— 

• 12 

(a) 


£ 

— 

— 

21 

• (a) 

'I'rinidad & 
'robagfo 

C'wt.* 

5,938 

• 

6,442 

4j518 

5,080 


£ 

15,758 

15,373 

11,102 

11,860 

British (niiana 

Cwt.* 

2,365 

1,461 

1,971 

2,042 


£ 

6,375 

3,879 

5,265 

5,089 

Australia (b) 

Cwt.* 

4,531 

2,761 

3,944 

2,373 


£ 

13,220 

7,703 

9,948 

5,976 

Fiji 

Cwt. 

2,649 

1,830 

1,580 

(a) 


£ 

5,026 

4,387 

• 3,357 

(a) 

Zan 2 :ibar 

Cwt. 

196 

361 

1,246 

1,692 


£ 

460 

649 

2,537, 

3,071 

Tanganyika 

Cwt. 

40 

60 

(a) 

(a) 


£ 

102 

152 

10 

11 

Kenya & I'ganda 

Cwt,* 

17 

23 

48 

84 


£ 

63 

89 

143 

231 

Mauritius 

Cwt.* 

1,297 

1,164 

1,050 

488 


£ 

3,639 

3,230 

2,588 

1,311 

Seychelles 

Cwt.* 

371 

220 

99 

72 


£ 

884 

493 

230 

120 

Dutch East Indies 

Cwt.* 

178,041 

283,502 

165,478 (e) 626,956 


£ 

424,682 

599,614 

348,834 (e) 1,286,769 

Philippines 

Cwt. 

2,049,663 

2,308,768 

2,850,314 

2,799,932 


£ 

4,060,682 

4,539,865 

5,110,200 

4,825,220 


(a) Information not available. 

(b) All from New South Wales, and presumably made from imported produce. Years 
ended 30th June of year stated. 

(c) Domestic exports should be not less than figure given, hut may be about 1-0 
per cent, higher if imports are retained for consumption. 

(d) Figures are lor 6 months—January to June, 1928. 

(e) Java and Madura only. 

* Converted from gallohs at the rate of 8*715 lb. =:1 gallon. ... - 



Table D 


Exporting country 

1925 

1926 

1927 

1928 

St. Vincent 

9,435 

1,475,000 

20,463 

1,700,000 

11,383 

2,675,000 

(a) 

3,360,000 


1,484,435 

1,720,463 

• 2,686,383 

3,360,000 

St. Lucia ‘ 

123,516 

495,000 

199,875 

118,501 

400,000 

603,281 

96,813 

1,020,000 

123,906 

141,667 

1,575,000 

29,250 

<• 

818,391 

1,121,782 

1,240,719 

1,745,917 

Grenada 

50,500 

115,000 

38,100 

340,000 

27,200 

315,000 

32,770 

595,000 


165,500 

378,100 

342,200 

627,770 

Leeward Islands 
(excluding Inter- 
Presidency Trade) 

156,614 

145,000 

207,018 

280,000 

496,082 

320,000 

(a) 

(a) 


301,614 

487,018 

816,082 

— 

Jamaica 

26,380,697 

7,835,000 

23,040,616 

22,015,000 

33,179,198 

18,035,000 

4,875 

31,104,831 

17,075,000 

5,000 

(a) 


34,215,697 

45,055,616 

51,219,073 

48,184,831 

'JViniclad & I'obago 

8,633,981 

22,245,000 

2,412,313 

5,041,036 

30,935,000 

2,617,062 

6,463,765 

27,900,000 

1,835,437 

6,799,655 

47,660,000 

2,063,750 


33,291,294 

38,593,098 

36,199,202 

56,523,405 

Bahamas 

3,000 

23,320 

— 

— 


3,000 

23,320 

— 

~ 

British Honduras 

5.785,158 

5,512,560 

5,929,834 

(a) 


1,510,000 

3,325,000 

4,470,000 

(a) 

7.295,158 

8,837,560 

10,899,884 

(a) 


(a) Information not available. 
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Table D (Contd.) 


Exporting country 

1925 

1926 

1927 

1928 

British Ouiana 

1,363,280 

4,315,000 

960,781 

815,917 

8,530,000 

593,531 

334,185 

5,815,000 

800,719 

321,635 

17,505,000 

829,562 


6,639,061 

9,939,448 

6,949,904 

18,656,197 

Ceylon 

23,288,786 

568,430,000 

250,622,531 

16,951,368 

604,850,000 

231,750,594 

18,875,750 
495,540,OOb 
273,467,156 

18,016,191 

494,165,000 

316,514,250 


842,341,317 

853,551,962 

787,^582,906 

828,695,441 

British India 

265,029 

515,000 

3,328,406 

134,230 

*8,175,000 

6,201,000 

178,359^ 

4,535,000 

3,328,406 

146,305 

505,000 

2,491,125 


4,108,435 

14,510,230 

8,041,765 

3,142,430 

North Borneo 

292,653 

18,940,000 

122,281 

668,693 

24,165,000 

147,062 

681,208 

110,000 

220,594 

(a) 

(a) 

(a) 


19,354,934 

24,980,755 

17,011,802 

• 

(a) 

Sarawak 

10,411 

3,565,000 

5,883 

5,910,000 

14,034 

5,980,000 

11,285 

9,260,000 


3,575,411 

5,915,883 

5.994,034 

9,271,285 

Fiji 

243,340 

120,665,000 

1,072,500 

153,570 

139,340,000 

743,437 

386,213 

132,800,000 

641,875 

(a) 

(a) 

(a) 


121,980,840 

140,237,007 

133,828,088 

(a) 

Seychelles 

61,000 

23,985,000 

150,719 

83,900 

26,795,000 

89,375 

12,500 

22,700,000 

40,219 

21,500 

24,480,000 

29,250 


24,196,719 

26,968,275 

22,752,719 

24,530,750 

New Guinea 

195,755,000 

229,030,000 

238,065,000 

(a) 


195,755,000 

229,030,000 

238,065,000 

(a) 


(a) Information not available. 



Table D (Contd.) 


Exporting country 

1925 

1926 

1927 

1928 



_ 

_ 

:— 

Solomon Islands 

82,540,000 

96,030,000 

111,580,000 

109,785,000 

(d) 

— 

— 

— 

— 


82,540,000 

• 

96,030,000 

111,580,000 

109,785,000 

Papua (e) • 

38,825,000 

43,095,000 

47,710,000 

Ta) 


38,825,000 

f 

43,095,000 

47,710,000 

(a) 

« 

Tongan Islands 

68,790,000 

69,960,000 

56,260,000 

78,355,000 


68,790,000 

69,960,000 

56,260,000 

78,355,000 

Western Samoa 

72,595,000 

61,250,000 

58,325,000 

7a) 


72,595,000 

61,250,000 

58,325,000 

(a) 

New Hebrides 

• 

_ 

_ 

_ 

(Condominium) 

t 

36,855,000 

41,910,000 

t 

51,020,000 

(a) 


36,855,000 

41,910,000 

51,020,000 

(a) 

Gilbert & Ellice 

_ 

- -■ 

_ 


Islands 

28,460,000 

31.705,000 

12,720,000 

(a) 


28,460,000 

31,705,000 

12,720,000 

(a) 

Nigeria 

188 

1,453 

203 

350 


970,000 

580,000 

675,000 

1,470,000 


970,188 

581,453 

675,203 

1,470,350 

Sierra Leone 

1,010 

2,396 

4,791 

(a) 


1,010 

2,396 

4,791 

(a) 







(a) Infonnation not available. 

(d) Figurei? are for 6 months—January to June, 1928, 

(e) Java and Madura only. 
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Table D (Contd.) 


Exporting country 

1925 

1926 

1927 

1928 

Gold Coast 

160 

6,620,000 

4,495 

7,565,000 

145 

7,270,000 

218 

7,280,000 


6,620,160 

7,569,495 

7,270,145 

• 

7,280,218 

Zanzibar 

(total exports 
less imports) 

527,066 

62,405,000 

79,625 

630,090 

63,950,000 

146,656 

775,036 

50,260,000 

506,190 

608,034 

•46,795,000 

687,375 


63»011,691 

64,726,746 

51,541,226 

• 

48,090,409 

Kenya & Uganda 

81,200 

7,825,000 

6,906 

127,400 

5,505,000 

9,344 

60,200 

3,680,000 

19,500 

• 30,800 

6,740,000 
34,125 


7,918,106 

5,641,744 

3,759,700 

6,804,925 

I'anganyika 

Territory 

88,115,000 

16,250 

36,740,000 

24,375 

36,335,000 

1,500 

46,590,000 

1,500 


88,131,250 

36,764,375 

(a)36,336,500 

(a)46,591,50() 

Mauritius 

4,270,000 

526,906 

4,920,000 

472,875 

' *■ 

6,870,000 

426,562 

6,965,000 
• 198,250 


4,796,906 

5,392,875 

7,296,562 

7,163,250 

Federated Malay 
States 

175,000 

289,985,000 

112,000 

329,145,000 

21,937 

105,000 

287,680,000 

89,375 

121,800 

342,520,000 

22,344 


290,160,000 

329,278,937 

287,874,375 

342,664,144 

Dutch East Indies 136,304 

1,727,330,000 
72,319,156 

207,039 

1,854,650,000 

115,172,687 

138,838 

1,530,755,000 

67,225,437 

* 27,467 
2,191,355,000 
*254,700,875 


1,799,785,460 

1,970,029,726 1,598,119,275 *2,446,083,342 

Philippines 

6,170 

721,960,000 

832,675,594 

10,375 

856,365,000 

937,937,000 

1,000 

980,855,000 

1,157,940,062 

1,186 

1,153,575,000 

1,137,472,875 


1,554,641,764 

1,794,312,375 

2,138,796,062 

2,291,048,561 







(a) Information riot available. 

* Converted from gallons at the rate of 8*715 lb. = l gallon. 





THE PROBLEM OF SOIL. ANALYSIS’ 


A t the present time the assistant staff of the Soils Division of the 
Rubber Research Institute are occupied principally in the analy¬ 
sis of soil samples sent in for advisory purposes. This work 
must be regarded as of considerable importance, for an advisory 
centre is an absolute necessity to the planting industry and it is 
clearly part.of the duty of the Institute to endeavour to fill that urgent need. 

The questions asked of the Soils Division may generally be expressed 
• as one of two fundamental queries. Most usually the soil as known to present 
difficulties, and i ecommendations for amelioration are required: we are 
asked “How can*this soil, of which I am sending you a sample, be made 
more suitable for the growth of rubber trees or a cover crop ?“ Or the 
potentialities of the soil are not known and we are required to state them. 
The second question therefore is “How suitable is the soil, of which I am 
sending you a sample, for the growth of rubber trees or a cover crop ?“ 
What actually happens in most cases, is that we receive a letter which states 
the problem and requests that a soil analysis be made to solve it. 

More rarely the sample is simply accompanied by a request for a soil 
analysis, but our mere compliance with this request would certainly be 
followed by a demand for an interpretation of our figures. Quite obviously 
it is not the figures but the soil expert’s ofwnion that is of value : in fact 
the figures are only sent to inquirers to be filed as an interesting souvenir. 
This remark is not a cynicism but a warning; for it is highly probable that 
in the not-too-distdnt future advasory soil scientists will be employing 
methods of soil examination which, whiljs they will answer questions on 
fertility ^vith greater precision than the methods at present in use, will not 
afford any ifeat tables of percentages to send along with a letter of 
recommendation. 

Faced by a table of the results of a soil analysis, the planter runs his 
eye down the columns and enquires “What’s bogey ?“ or words to that 
effect. Unfortunately the figures are not as easy to interpret as a golf 
card. It is the purpose of this article to comment on their interpretation 
and to discuss some of the problems that arise when an attempt is made to 
estimate soil fertility and manurial needs by means other than those of 
actual field experimentation. 

Soil Formation and Constitution ,—^There are two kinds of soils, 
primary and secondary. A primary soil results from the decomposition* 
in situ, of an igneous rock such as granite or basalt, while a secondary 
soil is produced when a primary soil is washed away and deposited as mud 
or silt on a river flood area or in an estuary. Igneous rocks have a definite 
crystalline structure, the whole mass being a mosaic of very variously sized 
crystals of quartz and numerous other minerals. Under the influence of 
such factors as temperature fluctuations, the age-long action of percolating 
water and the attentions of numerous micro-organisms, the rock integrates 
wherever it is exposed. It is interesting to reflect that the rotting of a 
rock, though infinitely slower than the rotting of a mass of animal or 
vegetable substance, is, at any rate, in part, effected by very similar 
agencies... 

^ By C. Falconer Flint in the Quarterly Journal of the Rubber RfsWarch Institute of 
Mahya, \o\, 1 , No. 3, September,. . 1929 . , 



When a rock rots, the minerals other than quartz b/eak down to a 
substance known as clay, while the quartz crystals may remain quite 
unaltered and, as sand, constitute the coarser fractions of the primary 
soils thus formed. Clay is a substance which possesses many remarkable 
properties, and a word or two about modern notions of its physical structure 
may not be out of place. There is very sound reason to believe that each 
of the tiny particles of which it is composed has a hard mineral core, 
probably a flat flake of some mica-like substance, the rest ol the particle 
being a thick jelly-like envelope surrounding this core. This mineral jelly 
or colloid (the soil confains also organic colloids of vegetable and animal 
origin) is of the utmost importance to the agricultural value of the soil, for 
it not only profoundly modifies its physical properties but i^ the store for 
the mineral food salts necessary to plant growth. Its composition and 
precise properties may vary within wide limits giving all sorts of different 
clays, but in its relation to plant nutrition one fundamental property is 
outstanding : this mineral colloid is able to absorb food salts from the soil 
water when they exceed a certain concentration and to yield th^m up again 
when the concentration falls below this value. The details of this process 
are highly complex and can hardly ytft be handled mathematically, for the 
value of this equilibrium concentration alters with the innate properties of 
p*irticular clay in question, with the quantities and proportions of the salts 
already absorbed and with those present in solution. A given clay has a 
definite saturation capacity for food salts: when this is completely satisfied, 
the soil is slightly alkaline and when the clay is very unsaturated, i.e,, 
contains a very small amount of absorbed plant food salts, the soil is very 
acid. As a generalisation one may say the degree of acidity -of a soil 
depends inversely on the extent to which its colloids are saturated with 
so-called “available” minerals. 

The Microbe)rganic Population and. Its Functiems .—In addition to its 
mineral constituents, the soil contains humus and a population, very varied 
as to number and species, of micro-organisms—^bacteria, fungi and 
protozoa. These last would appear to feed on the first two groups and 
thus modify soil properties in quite a secondary fashion, but the bacteria 
and fungi exert verj' definite influences on plant growth, both beneficial and 
harmful. To explain briefly and rather crudely we may say (i) they decom¬ 
pose the soil minerals and make them available as food to the plant, (ii) they 
take nitrogen gas from the air and fix it in a form in which it may eventu¬ 
ally become available to the plant and (iii) they decompose dead animal and 
vegetable matter so that its mineral content again becomes available in the 
soil and its carbon passes into the atmosphere as carbon dioxide gas to be 
again taken in by the plant leaves and built into vegetable substance. 
Under adverse soil conditions process (ii) may be reversed and certain 
minerals may be converted into a form in which they cease to be useful and 
may even be harmful, e.g., phosphates and sulphates may be reduced. 

Thus the micro-organic population of the soil serve as the inter¬ 
mediaries between the stores of potential plant food and the plant. When 
dead vegetable or animal matter falls on to the soil, the activities of the 
micro-organisms cause it speedily to rot away making the minerals it 
contains available for the grow^th of other plants : not directly, of course, 
but by a very devious route; they are taken into the bodies of the organisms 
initially active in the decay and either excreted or remain in the organism 
until it becomes, living or dead, the prey of another tiny creature which by 
its own particular processes may excrete the minerals in one form or 
another^ In the same way, should the decomposition take place under the 
right conditions, the nitrogen contained in the vegetable matter will become 
wholly or in part available as food to the living plants growing on the site. 
The carbon, hydrogen, and oxygen contained in the decomposing tissue are 



finally libierated as gases and water. From the plant^s point of view, this 
is all that could *be desired, since plants themselves take their supplies of 
carbon, hydrogen and oxygen from the atmosphere or from rain, its con¬ 
densation product. 

The Importance of Humus,~But there is an intermediate stage in the 
decomposition of vegetable matter that is of great indirect importance to 
the life of the plant. This intermediate stage is the formation of humus, 
a dark brown structureless substance of great chemical complexity which 
has a remarkable power of absorbing water and swelling tremendously by 
so doing. It gives to a.fertile soil, if unstained by iron, its characteristic 
colour and imparts valuable lightening and water-holding properties. In a 
moist cool soil^ humus has a high degree of permanence, its decomposition 
under the action of the soil micro-organisms being very much slower than 
the processes that lead to its formation. It has another remarkable property 
—its power of holding certain mineral salts, essential alike to plant and to 
micro-organic growth, in a loosely absorbed condition and of taking them 
into that condition from the soil water in which they are dissolved. Humus 
can thus be considered, quite properly, as a perfectly stocked caterer for the 
food requirements of a whole host of-soil micro-organisms, supplying them 
with the main necessities of life while they work to meet the requirements 
peculiar to themselves and in so doing accomplish much of direct or indirect 
use to the plant. 

Nitrogen Fixation, —To take an important example, some devote their 
energies to the fixing of nitrogen from the air : they build it into their 
bodies and at their death increase the reserve of this important element 
available to the soil. Remark that they w-ill only do this when the per¬ 
centage of nitrogen in the humus falls below a certain value. Nitrogen is 
essential to the vital processes of all the micro-organisms, but the great 
majority, lacking the pqwer to take this element from the air, must simply 
suffer a restriction of their activities should adequate supplies in the humus 
be lacking. Under these conditions, other foods being available in sufficienl 
quantities, the pitrogen fixing organisms will respond to the slackening of 
competition by multiplying and flourishing exceedingly. 

Micro-Organisms and the Mineral Nutrition of Plants, —Other orga¬ 
nisms, it would appear, obligingly sit by and feed the plant roots; and in a 
remarkably simple and effective fashion. For a long time it has been 
established to almost everyone's satisfaction that plant roots absorb their 
food salts only as a water solution. More recent researches on the food 
requirements of plants, on the quantities of water a plant will “perspire" 
(its only excretory system) during its lifetime and on the quantities of these 
food salts present in the main bulk of the soil water, make it abundantly 
clear that the plant root must be able to tap a solution that is very much 
more concentrated. There is good evidence to believe that what actually 
occurs is as follows: a colony of organisms grow around a soil particle that 
satisfies their mineral food requirements. Lack of a particular food salt 
develops in the fine feeding roots of plants a latent property known as 
chemotropism, i,e,, when in water containing a feeble concentration of the 
desired food they will grow towards the region where that concentration is 
highest* Now the carbon dioxide gas excreted by the micro-organisms 
will make the region immediately around the soil particle, enclosed as it is 
by the film of slime they excrete, distinctly acid and this degree of acidity 
once imparted the buffer effect of the soil solution once overcome) the 
traces of organic acids also excreted by the organisms will give a very high 
degree of acidity in a strictly limited region. This acid water rapidly 
removes all the food salts absorbed by the mineral jelly surrounding the 
soil particle and, acting through the protective layer of jelly, dissolves 
further the mineral core of the particles. Some of the solution produced, 
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of much higher concentration than the surrounding soil water, diffuses out 
of the colony of organisms and forms a series of concentric zones of pro¬ 
gressively decreasing concentration to lead the chemotropic feeding root to 
the mass of slime surrounding the particle. Here, as close as possible to 
the particle, the rootlet remains, flattening itself around it and feeding on 
a liquid of far greater concentration than anything that could be extracted 
by expressing or displacing the water from the bulk of the soil. 

It should be pointed out that this process whereby colonies of micro¬ 
organisms dissolve and decompose soil mineral particles is not entirely 
independent of the presence of the plant root. By removing certain food 
salts as soon as they become available, the rootlets displace an equilibrium 
that would otherwise be set up and permit fresh quantities of the salt to be 
brought into solution. Sometimes the amount of one salt that can be 
brought into solution, depends on the concentration in the solution of another 
substance. In this case, supposing a particular plant to have a high require¬ 
ment for both, it would get ample supplies of both : lAit a plant of another 
species which needed much of one and little of the other v^ould allow a 
considerable concentration of the unwanted substance to accumulate and this 
would set up a condition of equilibrium and prevent further supplies of the 
wanted substance from dissolving. Granted certain conditions, this soil 
would then be fertile for the one species of plant and relatively unfertile for 
the other. 

And let it he noted that we know regrettably little about the food 
requirements of the rubber tree at the various stages of its growth. 

In the. absence of any plant roots, the solution process is still applied 
very effectively to the soil mineral particles, if less rapidly. A state of 
equilibrium is, it is true, set up but the gradual diffusion of the concentrated 
solution of ftx>d salts through the film of slime upsets the balance and 
permits of fresh dissolution, while the concentration of the external soil 
water is instantaneously reduced to normal by the action of the mineral and 
humus jellies both of whitdi, as has already been noticed, h;j^vc the power to 
absorb food salts from solutitm. 

('hemical Analysis of Soils, —How then is a suitable system of soil 
analysis to be arranged ? \Miat is to be determined and how ? A method 
that has been in use for many years is to boil the soil sample for a lengthy 
period with strong hydrochloric acid and, after filtering, to analyse for the 
necessary plant food salts the resultant acid liquid under the assumption 
that this treatment will not only decompose the humus and mineral jellies 
but will also take ns much from the actual mineral fragments of the stiil as 
would ever, in the course of many ya*ars, be made available to a growing* 
plant. 'Phis treatment certainly decomposes the jellies of colloids and it 
certainly attacks the mineral fragments, but over any period of time during 
which it would be practicable to employ it in a laboratory it does not affect 
anything like a complete decomposition of the minerals. Apparently, one 
could reasonably argue that such treatment with a strong mineral acid must 
be far more effective than any treatment that plant roots or micro-organisms 
could bring to bear on tha mineral particles, but experimental evidence indi¬ 
cates the reverse to be the case. Experiments have been described in which 
soils have been subjected to prolonged extraction with strong hydrochloric 
acid and subsequently well washed with pure water until all traces of the acid 
were removed and, even then, certain plants were able to make some 
growth and to extract mineral salts for the purpose from the soil. Incredi¬ 
ble though this may, at first sight, seem, a little reflection will soon demons¬ 
trate that ot! a basis of known facts it is not so very remarkable. A 
digestion with strong acid for 48 hours would be a lengthy and inconvenient 
business not often resorted to^ while for plant growth persistent action over 



3 months or S yeais is all one for the patient processes of Nature. Her 
reagents, applied as I have already indicated, are less powerful as regards 
acidity but they probably have other subtler and more vitally destructive 
qualities and they are certainly applied more intimately and with an immedi¬ 
ate removal of all the products of dissolution as soon as they are formed. 

Methods of ultimate analysis—that is to say, methods that completely 
decompose the soil particles however large or resistant they may be—can, of 
course, be employed with scarcely more trouble than the strong acid extrac¬ 
tion. But such methods arc quite obviously too violent for our purpose and 
the figures they yield represent a potentiality removed from practical signi¬ 
ficance by ages of geofogical time. 

We might agree on some gradual method of decomposition, neverthe¬ 
less capable 6f achieving complete solution of the soil particles in a reason¬ 
able period of time, and by making periodical analyses during the course of 
the decomposition, obtain figures showing the various rates at which all 
the potential food salts pass into solution. Such a method would be 
possible, but it would be a very complicated and lengthy process to perform 
on even a •single soil sample. Let us assume that we have such figures 
available for a series of soils who§e respective fertilities for a particular 
crop we wish to predict and compare. What further information, if any, 
do we require ? 

Interpretation of Chemical Analyses ,—We must first safeguard our¬ 
selves by admitting the possible existence of all sorts of unknown factors 
that may not be as yet suspected by Agricultural Science. Then we must 
know the plant^s need of each of the mineral food salts at the various stages 
of its growth, remembering that the absorption of a much needed salt present 
in adequate quantities in the soil solution may be seriously hindered if other 
materials are present in proportions to which the physiology of this'species 
of plant at this stage of its growth objects: thus we need accurate informa¬ 
tion on this possibility also. 

We must next inquire about the plant's accessory food requirements, 
i,e,, whether it is necessary for healthy growth that mere traces of certain 
rare or unusual substances be present in' the soil. 

It is now of fundamental importance to consider the rate at which those 
decomposition processes which we have endeavoured to imitate in the 
laboratory will actually occur in the soil under natural conditions. For 
rapid decomposition of the minerals and preparation of the food supplies a 
healthy micro-organic population of marvellously diverse species, well 
balanced in numbers and in action, is required. The wrong species must be 
discouraged. This proper condition of the micro-organic population will be 
governed by the availability and proportions of the food salts present, by 
the humus content of the soil, by its physical structure and colloidal content, 
by the nature of sub-soil, topography, local climate; in fact by everything 
that can affect soil temperature, drainage and aeration, not forgetting such 
important matters as the nature of the vegetation carried and the extent to 
which it shades the soil and prevents evaporation and wash. Truly, where 
the factors governing soil fertility are concerned, there are ‘‘wheels within 
wheels.” To say nothing of the now well-known fact that minute traces 
of rare minerals in the soil may either stimulate or inhibit a particular 
species of micro-organic activity to a remarkable degree. 

It should be emphasi.sed that while the existence and importance of all 
these factors has been demonstrated and even investigated in some detail, 
we are very far indeed from the position in which they can be handled 
mathematically for any given set of circumstances and the net effect of their 
interaction computed. So, from what has just been written,^ any attempt to 
predict or compare soil fertilities by laboratory work would seem a very 
d’liicult matter indeed. 



In actual practice, the position is somewhat ameliorated by the fact that 
nature is an adept at making the best of a bad job. So while it would be 
impossible to arrange a series of soil samples in order of fertility on the 
basis of such an analysis, the figures obtained merely by the analysis of the 
strong acid extract of a soil will furnish certain useful information. It will 
give a rough idea as to what is easily available to a strongly growing plant, 
assuming that other conditions concerning situation, climate and sub-soil 
are favourable, and it will indicate any gross deficiencies. If there is a 
gross deficiency of any important food salt, the soil has obviously not even 
potential fertility : and since supplies of this food must be added before any 
sort of fertility can be developed, it also gives an Indication of manurial 
needs. All the finer points of the complete problem of soil fertility are, of 
course, ignored, the fact that a substance appears in the acid extract 
is no guarantee that most or indeed any of it is available to the plant root, 
and the fact that there exists a gross deficiency of a certain food salt in the 
soil is no guarantee that any addition of that food in artificial fertilisers will 
not immediately be locked up by this particular soil in an* insoluble form in 
which the plant can make no use of it. The existence of both types of 
phenomenon is an established fact. But generally, if the site and climatic 
conditions are favourable and the necessary mineral salts are available at 
all, nature will contrive to arrange at least a fair degree of fertility. Beyond 
that, to attempt to arrange soils in order of fertility is 'quite hnpossible. 

Availahle Nitrogen .—A few further remarks must here be made about 
the nitrogen supplies of the soil, since although adequate supplies of this 
element are essential for any sort of plant or micro-organic growth, mineral 
analysissof the soil cannot indicate whether a sufficiency would be available. 
Broadly speaking, nitrogen is present in the soil in three forms, viz., (i) in 
undecomposed plant tissues and in the bodies of micro-organisms, (ii) in 
humus, (iii) as nitrate. It is only as nitrate that plants (other than legumes) 
can absorb nitrogen, but the nitrate content of a soil,* though easily deter¬ 
mined, can only be regarded as the currency of the moment, since the soil 
colloids, which have such valuable powers of absorbing and holding in 
reserve soluble plant foods, are unable to absorb nitrate which is conse¬ 
quently washed out very rapidly by the drainage water. An analysis of soil 
for total nitrogen can easily be made, but nitrogen existing in forms (i) and 
(ii) can only be made available to the plant by the action of a healthv micro- 
organic population. Further the replenishing of this nitrogen supply by 
fixation of nitrogen from the air, can only be effected by an active micro- 
organic population ; which assumes a plentiful mineral food supply, and the 
presence of decomposing vegetable matter from either properly applied green 
or farmyard manure or from a previous growth of vegetation. 

Biological Methods .—From the foregoing paragraph it would seem that 
by far the simplest and most promising methods for the laboratory study 
of soil fertility and manurial needs would be those involving an actual study 
of the health, nature and activity of the soil micro-organic population. 
Such methods have, of course, been proposed and enough work has been 
done to show that this line of attack is a very promising one. In fact, so 
interesting are the results of this study that the need for research along 
these lines is of immediate importance to any organisation or industry 
interested in the laboratory examination of soil samples. 

It has been written, and often quoted in this connection, that the plant’s 
opinion of the fertility of the soil }s to be preferred to that of the laboratory 
expert. In justice it should be added that this was written at a time when 
soil scientists were far less alive than they are today to the artificiality of 
conyentional methods of soil analysis, to the reserve needed in interpreting 
them and to the fundamental importance of field observations to any such 
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work. Even at the present time, the ultimate answer to the question “How 
fertile is this soil in this climate for this crop ?“ must depend upon direct 
experiment or experience in the field. In most cases, however, the cost of 
such trial in time, money and opportunity would be so heavy as to make it 
a commercial impossibility, so the ideal of the scientist has become even 
more emphatically that of the commercial man who consults him. They 
both wish to be able, one day, to learn as much about a soil by a few days’ 
laboratory work as could be learned by years of experience in the growth 
of the actual crop concerned. 

We are already, a good step nearer that goal when we decide that it 
we cannot get the plant’s opinion of the soil we can at least get the opinion 
of his tradesmen and general caterers, the micro-organisms. And there is, 
as is very well known, an extremely valuable way of predicting the rubber 
tree’s opinion when clearing forest for a new planting; it consists in a 
critical observation of the quality of the jungle remembering that Hevea 
itself is a native of tropical jungles. 

Mechanical Analysis ,—At the present lime, any sort of laboratory soil 
examina[tion is or should be preceded by a mechanical analysis. When the 
practical man examines soil in Ihe field he classifies it, according to the 
fineness of the particles which predominate, as clay, loam, sand, etc. His 
experience enables him to predict much from his observations—how the 
soil will respond to cultivation, whether it will drain well and be properly 
ventilated permitting free root growth and yet at the same time affording 
adequate mechanical support for the crop, and storing and leading up from 
the water table adequate moisture. Subconsciously too, as well as weighing 
the conditions as regards the air and water supplies of his crop he considers 
their effect in keeping the soil active (that is, maintaining a healthy and 
useful micro-organic population) and he realises that while an excess of clay 
will tend to make a soil foul and stagnant it is the clay and its associated 
humus that hold tfie food and w^ater supplies. Tt is, as a matter of fact, a 
sound generalisation that the coarser particles of a soil have no actual or 
potential value as a source of food salts since they are simply grains of 
quartz. T^ow^ this field classification of a soil is subject to the errors and 
variations of personal judgment, so in the laboratory a rigid mechanical 
classification is substituted by subjecting the soil to a violent dispersive 
prcKXss to disintegrate all aggregated particles and then determining what 
percentage of the particles fall iilto the- different size ranges. 

Some Inherent Difficulties of Laboratory Examination ,—In case ol 
every laboratory method for soil examination there is one fundamental 
difficulty—that the soil is disturbed by removal from the field and preparation 
in the laboratory, it being, of course, impossible to replace it in its original 
structure. Such disturbance is bound to upset the equilibrium of the 
micro-organic population and to affect seriously the permeability to air and 
water. All properties vary with each layer of soil from the surface down¬ 
wards, yet a sample can give only an average figure, since thorough mixing 
is essential. The alternative would be to examine a large number of samples 
from progressively increasing depths—this would be impossibly long for 
routine determinations and so vertical division is made only into “top-soil” 
and “sub-soil.” The necessity of mixing together a number of samples and 
re-sampling to get a material representative of a large area further compli¬ 
cates the issue, 

.Another difficulty, and perhaps one of the most serious yet mentioned 
in this connection, arises directly from the necessity of studying a soil 
sample removed from its normal environment, A few words only must 
suffice to indicate it. There is every reason to believe that the store of food 
salts held by the mineral and organic jellies of the soil is replenished not onlv 
by further solution of the soil particles on the spot but bv absorption from 
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the dissolved matter in the ground water which may flow along' beneath the 
surface for a great distance or may rise from great depths. In such circum¬ 
stances the value of a mechanical examination would be still further reduced. 

Field Observations ,—We are now in a position to take a comprehensive 
and understanding glance at the position from the soil expert’s point of 
view when he is asked one of the two questions seriously referred to. He 
will first of all need all the field information available and, since it is quite 
impossible for him to make the observations himself in every case, he must 
rely on all relevant information being accurately supplied to him by the 
estate manager or assistant. • 

The soil scientist can consider only one soil type at a time—every 
variation constitutes a separate case. If he is unable to visit he should 
first be supplied with a contour sketch map of the area in question on which 
the extent of the soil type or types should be indicated. Since it is of first 
importance to get the plant’s opinion of the soil the quality of the jungle or 
particulars of previous crops and the life history and present condition of 
the existing crop should be accuratelv described and any unusuaUtreatment 
or circumstances should he clearly emphasised. For each soil type a 
profile should be described in detail, i,e*, the nature, sequence and dimen¬ 
sions of the various strata visible in a vertical section : such a profile should 
be as deep as possible and may be obtained from a road or stream cutting, 
from the wall of a hill side slip or in unfavourable cases, bv digging. It 
should also be clearly indicated whether great variation in the profile occurs 
over the area covered by the given soil type. 

An elementary knowledge of geology is of great assistance here and 
much useful information may be obtained with relative ease by using a 
simple boring tool. This can be made in any workshop by screwing 

together sections of J inch iron piping, with coupling collars as required, 

the lower section terminated bv a carpenter’s auger and the upper by a simple 
cross-bar, the soil can easily be explored down to a depth of several yards. 
The tool is screwed down into the soil and loosened everv few turns bv 

lifting it several inches and working it up and down in the holS. A sample 

of the soil in which the auger is actually engaged may be recovered from 
the twisted blade by simply pulling it straight up. 

Soil Santpling .—After considering this information, the expert may 
decide that a laboratory examination of a particular horizon of the soil 
profile would be helpful. In this sampling, a considerable amount of care is 
needed if the sample is to be trulv representative of the soil tvpe to be 
studied : a monograph could be written on the innumerable accidents that 
could make the properties of the soil in any particular spot most misleading 
as regards the whole area. A root or a piece of wood mav have rotted 
there, a small animal may have died there, a fragment of bone might get 
included, or the whole nature of the soil may have been altered by the work 
of ants or worms, or soil from lower strata may thus have been brought up. 
The tearing up of the roots of a great tree, long since rotted and dis¬ 
appeared, may have brought up a large amount of the sub-soil. These few 
of the many possibilities must serve as examples of the pitfalls that are set 
for the unwary soil sampler. In practice they are avoided bv using every 
care that the spot selected for sampling shall appear thoroughly normal for 
the area in every way and sampling at least six such spots scattered at 
random over the area. Thus a number of samples are taken and carefully 
mixed and the final samples taken from the mixture—usually after first 
air-drying and crushing. 

A soil sample is always taken as a block : that is, a volume of the 
soil i$ isolated from the rest and everything within that volume is taken. 
There are several convenient ways of doing this. For surface samples a 
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piece of stove piping, a piece of thin-walled metal tubing or a cylindrical 
tin is forced ‘down vertically and then dug out or withdrawn together with 
the core of earth it contains. Such a core is generally 2 inches to 3 inches 
in diameter and is taken from the surface down to a depth of 9 inches or 
1 foot, A more elaborate and convenient tool may be made by sharpening 
the end of a piece of suitable steel piping, splitting it down* one side fixing 
it to an iron rod with a wooden cross-bar. This is screwed down into the 
soil, drawn up, and the core forced out by working with a screw-driver or 
pointed iron rod through the slit. 

The following •method is convenient when sub-soil samples are 

required : dig a pit down to a little below the required depth and smooth ofi 
vertically one wall of the pit. Take an empty cigarette tin and after 
piercing a small hole in the bottom to permit enclosed air to escape, knock 
it horizontally into the soil profile at the required level until it is flush with 
the vertical surface and then dig it out with the enclosed soil. 

The Present Position ,—Unfortunately it is not possible to treat every 
soil type, examined as a separate research investigation and to apply such 
of the most modern methods as would seem most appropriate : the demands 
on the advisory services of the Soils Division are too heavy. The length 
of time it takes to carry out even the simplest determinations is not 

generally realised by those who have had no experience of laboratory work. 
EflForts are being made in the Division to study the most modern methods 
of soil examination as regards their usefulness for local soil types, to 

devise others, and by careful selection and experiment finally to arrive at a 
routine programme that could be applied, rapidly and conveniently, to any 
soil sample by trained assistants, and that would at the same lime permit of 
as accurate an estimation of relative fertility and manurial needs as the 
present position of Soil Science allows. The need for that sort of correla¬ 
tion work is keenly felt today by the advisory soil scientist. The most 
gratifying progress has been made by specialised research along particular 
lines but, if a metaphor may be permitted, the cross-country communication 
is still sor»ewhat poor. This is far from being a matter for adverse 

criticism : it is the normal result the rapid progress of a new science. 
Such work normally falls to the lot of those who undertake research work 
in the interests of industry and in performing: this service for the rubber 
planting industry in this country, the Soils Division of the Rubber Research 
Institute has great opportunities. 

In the meantime we try to satisfy the pressing present need for advisory 
work by the liberal and progressive interpretation of the results of field 
observations together with, in certain cases, the results of a simple and 
conventional routine laboratory soil examination. A mechanical analysis is 
made to determine the percentage of sand, silt and clay and thus to permit 
the classification of the soil and the making of certain deductions depending 
on soil texture and structure. The loss of weight after strong heating is 
noted and a determination of the amount of organic matter and of total 
nitrogen is made. A portion is treated with boiling hydrochloric acid and 
the extract is analysed for potassium and phosphorus. Thus any gross 
deficiencies of nitrogen, potassium and phosphorus are indicated, and the 
indication is of some value since if any such gross deficiencies exist the 
soil cannot be even potentially fertile. These three elements are those which 
temperate zone agriculturists have found to be most frequently limited in 
quantity and the addition of which, together with lime, has been found to 
be a practicable and paying proposition. In the absence of definite informa¬ 
tion, workers in the tropics must be content to follow this temperate zone 
practice. The need for research here is obvious, but research takes time 
If and when the need is felt for other fertilisers, they will be manufactured 



and marketed. Until then, in our advisory capacity, we seek only soil 
deficiencies that can be met with the fertilisers available. * On the research 
side, it is another matter, but one which is outside the province of this 
paper. 

In conclusion, the writer would end on a practical note, since he has 
endeavoured to write for the practical man. Althoujjh the determinations 
we make in the routine examination of a soil sample are definitely old 
fashioned, no pains have been spared to make the means by which they are 
carried out as modern, and consequently as rapid and as economical, as 
possible. Even so, such an examination of one* soil sample lakes three 
hours of one man’s time and five hours of another’s, to say nothing of 
work done in preparing and storing th(‘ samples, interpreting the results 
and drafting the reports. Witli the trained assistance at present available 
the c:apacity of the laboratory is thirty samples a mojith. If (his work were 
done on a business footing, paying its own cost by the fees charged, a fee 
of from fifty to seventy dollars would have to be changed for each sample 
examined. ^ 

In the foreg^oing paragraphs the very obvious need for a laboratory 
method for determining soil fertility and manurial needs has been indicated. 
While emphasis has been laid on some of the difficulties of applying 
schemes of chemical analysis and other “dead” methods to this problem, 
and attention has been directed to the very promising micro-biological 
methods which have as their basis a study of the growth of living organisms 
in the soil, it has also been pointed out that the results of even a simple 
chemical analysis can be of great value if liberally interpreted to supplement 
field observations. Such a simple analysis is, however, a relatively lengthv 
and costly process. Hiese remarks will, it is hoped, afford data by which 
estate managers in Malaya may realise the nature of the services thev ask 
for and justify themselves for the courtesy and patience they invariably 
show in their demands upon the advisory services of the Soils Division. 
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METEOROLOGICAL RESEARCH AND 
FRUIT PRODUCTION* 


SOME EFFECTS OF THE WEATHER ON FRUIT 
PRODUCTION WITH SPECIAL REFERENCE 
TO THE APPLE CROP 


PART I 

THE^ WEATHER AND FRUITFULNESS 

A pples are grown in very many countries and their susceptibility 
to the influences of varying climates has been well tested. In 
this country they are grown in Kent and the Eastern Counties 
where the annual rainfall does not much exceed 25 inches, and 
also in* the We'-t of England where over 40 ins. of rainfall is 
>ften experienced. The apple district of Nova Scotia has a very heav\ 
annual rainfall while that of British Columbia is less than 12 ins. In 
these districts and also in Tasmania and the United States of America the 
summers are rather dry and the winters cold and wet, whereas on the high 
veldt of South Africa where apples are grown, the climatic conditions are 
the very opposite, for the rainfall comes mainly in the summer, whilst the 
winter is, on the whole, dry with almost daily sunshine. 

As the apple tre;^ flourishes and gives satisfactory crops under these 
very different climatic conditions it might be thought that this plant is little 
affected by climate, an assumption, however, which it would be incorrect 
to accept, Ig fact, judging by the few. investigations that have been made, 
the opposite seems to be nearer the truth, namely, that the climate (and 
especially rainfall, light and temperature), influences the tree and the crop 
it bears to a very marked degree. 


CLIMATE AND FRUIT BUD FORMATION 

It is necessary not merely to consider the effect of spring frost at 
blossoming time, which is a popular and annually recurrent topic, but to 
probe deeper and to trace the effect of climate on the growth of the tree 
and the influence that it brings to bear in causing the tree to form strong 
fruit buds, which are initially necessary for fruitfulness. To make this 
clear, it is necessary to ascertain the ordinary behaviour of a normal tree 
growing under varying conditions of climate and then, if possible, to trace 
therefrom the part that climate plays. This aspect of the problem has 
engaged the attention of research workers in this country, notably B. T. P, 
Barker and A. H. Lees at the University of Bristol Horticultural Research 
Station, Long Ashton, Bristol, from 1915, and their results are given in a 
series of papers in the Annual Reports of that Station for the years 1916 to 
1920. 

TREE GROWTH IN A NORMAL SEASON 

From a study of the growth of the apple trees in the plantations at 
Long Ashton, Bristol (where the annual rainfall is high), these investigators 
came to the conclusion that three distinct stages in tree growth could be 

♦ Paper read by H. V. Taylor, O.B.E., B.Sc,, A.R.C.S., before the Agricultural 
Stction of the Conference of Empire Meteorologists, 1029> 
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recognised. The first stage covered ithe period between approximately 
March 14th and April 12th during which an even and regular slow move¬ 
ment was made by all buds. This movement might be described as an 
awakening from the winter sleep of all buds in response to the stimulus of 
warmth. 

With the passing of this stage, soil moisture diminished, whilst a 
very uneven extension growth was made by the different buds. The 
terminal buds seemed to have a preference for they grew much faster than 
the others; less growth was made by the buds in the middle of the shoots, 
whilst those at the base remained more or less, stationary. This was 
regarded as the second stage and the period lasted from approximately 
April 12th till May 20th. 

The tree growth then entered the third stage; bud growth slackened 
very considerably; only a few buds at the apex continued to form woody 
shoots, and these one by one came to a standstill so that in a normal season 
growth was completed by about August 15th. Such w^s the behaviour of 
an apple tree growing at Long Ashton in what might be termed a dry 
season. * 

TREE GROWTH IN .A WET SEASON 

In the wet seasons it was noticed that the bud growth instead of 
stopping in the middle of August was continued until September 30th with 
the result that the wood of the tree was not properly ripened and much wood 
unfurnished with fruit buds was formed. As will be shown later this 
extended autumn growth in wet seasons plays an important part in 
rendering trees unfruitful, for this continued growth uses up the food 
material and prevents the tree from laying down food reserves which are 
so necessary for flower blossoms and fruit production. A continued study 
of this subject convinced A. H. Lees of the very great influence on fruit 
production of this summer and autumn rainfall, for an article published 
in the Journal of Pomology and Horticultural Science, Vol. V., No. 3, 
July, 1926, he analysed the influence of summer rainfall and previous crop 
in the fruiting of apples. He described the normal growth, phase of the 
apple and concluded : 

“that just as the basal buds are the weaker so the fruit spurs 
developed from them are weaker. So weak are they that it may be 
years before they attain sufficient strength to flower. Those nearer 
the apex are stronger and may flower next year, whilst the nearest 
may be so strong that their axis is three or four inches long and 
their terminal a wood bud and not a flower. There is therefore a 
distinct gradient in strength; the weakest are too weak to form 
flowers, the medium are just in the right condition, while the strong 
do not cease growth in length soon enough in the season to store 
sufficient food for flower production/* 

It is thus suggested that to be in a fruitful condition the growth of 
the tree should cease early—not later than the end of July—so that reserves 
of food material may be stored within. Stimulated by summer and autumn 
rainfall, tree growth beyond that date may be prolonged which results in the 
using up of the food material, and in preventing the laying down of sufficient 
reserves to make strong and fruitful buds. In other words late summer 
growth—^which is the result of excessive rainfall—is parasitic on the food 
supply that normally should be laid down as reserve for the buds. 

SUMMER RAINS AND CROP 

It was recognised by Lees that the crop of growing apples would also 
make heavy demands on the food material, and in consequence he con¬ 
sidered this factor (the crop) and the summer rainfall as the predominating 
influences on the future fruitfulness of a tree. From a study from year to 
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year of these two factors he found that it was possible, with certain excep¬ 
tions, to forecast with some accuracy the size of the crop to be expected. 
The exceptions are explained by abnormal Aphis attacks or the adoption of 
fresh methods of manuring or pruning, and if these exist an allowance must 
be made. Briefly, in forecasting, the grower was advised to make use of 
the following scheme: 


Crop. 

Rainfall. 

Estimated 
succeeding Crop 

Heavy 

Wet 

Very poor 

« 

Medium 

Poor 


Dry 

Medium 

Medium 

Wet 

Poor 


Medium 

Medium 

f 

Dry 

Good 

Light • ... 

Wet 

Medium 


Medium , 

Good 


Dry 

Very Good 

None 

Wet 

Good 


Medium 

Very Good 


Dry 

Very Gt)od 


A. H. Lees even went so far as to suggest that it was quite jx>ssib]e to 
throw trees into continuous cropping by regulating the manurial and “water 
factors*' in the right direction. An alteration of the “water factor’* can be 
effected by temporarily withholding manure, by cropping with a cover crop 
and by the practice known as “ringing.” 

RAINFALL AND GRASS ORCHARDS 

Another observer of the effect of rainfall on fruit growing is A. H. 
Hoare, who, in his book “The English Grass Orchard,” expressed the view^ 
that : * 

“ It is hardly possible to grow fruit successfully for market in 
a district receiving anything in excess of 40 ins. of rainfall. At 
between 30 ad 40 ins. fruit may be grown, but the orchards are 
mostly on the grass orchard principle, as we find on the Bristol side 
of fGloucester and in Somerset. In the regions of 25 to 30 ins. 
fruit may be grown in either cultivated or grassed land. Below 
25 ins. fruit will do well on holding land. It might be laid down, 
therefore, that the best fruit districts are those with an average 
rainfall not higher than 30 ins. 

Certainly, the fruit growing districts in England are in regions where 
the rainfall is similar to that suggested above. In Switzerland and Austria, 
where, generally, the sunlight intensity is far higher than that of England, 
the trees are not harmed by further supplies of water, but rather benefited, 
so it seems that rainfall—important as it is—is not the sole factor regula¬ 
ting fertility. As just indicated, intense light has a decided influence. 

THE INFLUENCE OF LIGHT ON TREE NUTRITION: 
THE CARBOHYDRATE NITROGEN RATIO 

The amount of summer rainfall and the light intensity influence the 
internal condition of the tree, which governs its fruitfulness or unfruitfulness. 

Certain American research workers, especially Kraus and Kraybill, 
have attempted to measure this internal condition by ascertaining the ratio 
of carbohydrate to nitrogen present in the cell sap—a method which has 
aroused much interest. 
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Ihe amounts of carbohydrate and of nitrogenous substances in the 
^ell sap depend very much on the activities of the leaves and roots respec¬ 
tively. Under the action of bright light, the leaves are able to synthesise, 
from the carbon dioxide and water vapour, taken in from the atmosphere, 
some of the simple forms of carbohydrates; and these types of food material 
are essentially products of leaf manufacture. The amount of carbohydrates 
manufactured by the leaves naturally depends on more than one factor, but 
as the action is one depending on the influence of light on the chlorophyl, 
the intensity of light more or less exercises a predominating influence. In 
summers of intense light more carbohydrates are manufactured in the leaf 
than when dull light is experienced. 

On the other hand, nitrogenous substances in the cell sap find their 
way into the plants in solutions absorbed by the roots, for it is the watery 
solution that is taken up by the root hairs. If the soil water is dt‘ficient, 
less of the nitrogenous constituents in the soil are dissolved, and a smaller 
quantity is taken up by the root hairs. Where the summer water supply 
is abundant and the soil is heavily supplied with nitrogenous substances, 
there need be no check on the entry of nitrogenous matter into the plant. 

THE WORK OF KLEBS, KRAUS AND KRAYBILL 

An American worker Klebs, has found that plants remain vegetative 
in bright light with a plentiful supply of water and nutrients, or in moderate 
I'ght with a moderate supply of water and nutrients, but that they blossom 
after growing in hrifrht light with a moderate supply of wjiter and nutrients. 
Klebs apparently did not attempt to explain the reasons for this. Then 
came Kraus and Kraybill who in experiments found that most of their 
fruitful tomato plants were modA*raiely low in nitrogen and high in carbo¬ 
hydrates. Fruitfulness then was associated neither with the highest nitrates 
nor with the highest carbohydrates, but with what thj* workers termed a 
condition of balance between them. 

The limitation of nitrates or the limitation of carbohydrates resulted in 
a suppression of growth in tomatoes. When carbohydrates .md nitrogen 
were adjusted relative to one another, rapid vegetative extension resulted. 
Where carbohydrates were in excess such an adjustment was secured either 
by increasing the nitrogen without decreasing the carbohydrate or by 
decreasing the carbohydrate without increasing the nitrogen. In both 
cases the relation of carbohydrate to nitrogen w^ould be the same, but the 
total amounts were greater in the former than in the latter case, a condition 
reflected in the amount of growth resulting. The ratio of the carbohydrate 
to nitrogen determined whether the plants were to be fruitful or unfruitful, 
w'hereas the amounts present influenced the size of the crop. 

Since this discovery was made known, much further work has been 
done regarding the connection between plant fruitfulness and the carbo¬ 
hydrate uitr(tgen ratio, with the result that the hypothesis has been firmly 
established by most workers and it is accepted in most countries. Whilst 
the exact rules for managing fruit trees to make them fruitful still remain 
hidden, the discovery marks an important step forward, establishes a new' 
principle and makes it possible for the observant person to carry out the 
management of his orchards in a more intelligent manner. In fact it is 
seen that the fruitfulness of fruit trees in all countries rests on a scientific 
basis and the method of treament and manuring must be varied from 
country to country to offset the weather effects, if this proper balance 
between the carbohydrates and the nitrogenous substances is to be 
maintained. 

In the U.S.A., where the summer rainfall is small and the light inten¬ 
sity is very high, it is conceivable that the leaves and trees are able to store 
up vast quantities of carbohydrates, and that in consequence fruit trees 
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would respond to dressings of nitrogenous manures. Actually this has 
been found to be the case and is instanced in the following paragraphs taken 
from the U.S. Department of Agriculture Year Book, 1825. 

NITROGENOUS MANURES IN AMERICAN ORCHARDS 

During the past 15 or 20 years much experimental work has been done 

in the use of commercial forms of plant foods in orchards.At 

least three oustanding results have come from these investigations : 

(1) ‘*Of these results, first, may be mentioned the demonstration that 
many soils when managed so as to maintain an abundant supply of 
humus, and wlien properly tilled, apparently yield all the plant food 
that is necessary for maximum fruit production. 

(2) Ano\her result, and one opposed to earlier teachings is the wide¬ 
spread absence of favourable response of fruits to potash, ft was 
long held that fertilisers high in potash should be used liberally in 
fruit groyning. Many tests, widely distributed, have failed to 
demonstrate any general response to applications of this plant food, 
especially on soil types widely used for deciduous fruit growing. 

(3) It was long taught that nitrogen, and especially in quickly available 
forms, should be applied to fruits with much caution or else an 
undesirable and harmful stimulation of vegetative growth would 
occur. In the demonstration, not only have baneful results failed 
as a rule to appear, but to the contrary, the use of nitrate of soda 
or other quickly available forms of nitrogen, in even rather liberal 
quantity, has given mdre widespread and more generally beneficial 
results than any one fertiliser treatment in the growing of deciduous 
fruits.*' 

POTASH FERTILISER IN ENGLISH ORCHARDS 

Trees in England growing in a soil more abundantly supplied with 
summer moisture, and working in a duller light, are more likely to have a 
greater root^ activity in absorbing nitroge,nous substances, and to manu¬ 
facture relatively less amounts of carbohydrates. In other worck the 
carbohydrates may be too low and in consequence trees (especially those 
growing in the West) are more likely to respond to such manures as potash 
which helps the plant in some unexplained way to make the most effective 
use of sunlight, than to dressings of nitrogenous manures alone. The 
experimental work done at Long Ashton by T. Wallace has shown this to be 
the case. Very many cultivated orchards, particularly those on the light 
soils, have been found to produce unfruitful trees, which make little or no 
response to nitrogenous matter, but become more healthy and productive 
after repeated annual dressings of potash fertilisers. Wallace’s experiments 
and the results of the soil survey work in England during the past four years 
have shown that the leaves of the trees in these orchards are in a poor 
condition, commonly called “scorch,” which is known to be associated with 
potash deficiency. When potash is added such trees improve; fruitfulness 
is restored or improved and increased growth is made. 

Where fruit plantations in England are cropped also to grass, the 
roots of this cover crop compete with those of the trees for both water and 
nitrogenous fertilisers, and in time the lieaves on the trees—even those 
growing in the west of England—gradually lose their dark green foliage 
and take on a yellowish light green colour which is said to be a sign that 
the nitrogenous substances have become too low. In such cases nitro¬ 
genous manures have been found to have beneficial effects in improving 
the fruitfulness of the trees both in quantity and quality of the fruit 
produced. 




169 


If this correct balance between the amounts of carbohydrates and 
nitrogenous substances is an essential condition to the fruitfulness of the 
tree—and all the experiments on the point seem to confirm that such a 
balance is essential—then the management of orchard fruit resolves itself 
into an adjustment, by pruning, manuring or cover cropping, of the inequa¬ 
lities produced by the natural soil and the prevailing weather in each 
locality. Of these it seems that the prevailing weather—rainfall and sun¬ 
shine—is the more important, for the chemical or even physical analysis of 
the soil seems to provide little information as to its suitability for fruit 
growing or to provide any pointer as to the proper manorial dressing. 

FRUIT SOIL SURVEYS 

This does not mean that the fruit soil surveys that have been carried 
out in the past are useless or that those now being conducted will yield 
valueless results’ It does mean, however, that the surveys must be made in 
a different way so that the reactions of the trees (in growing and cropping) 
on soils in any locality must be recorded as additional important factors for 
these give an intelligent observer a greater understanding of the conditions 
than even a detailed study of the chemistry of the soils. The appearance of 
the foliage of trees, their rate of growth, their fruitfulness or unfruitfulness, 
and their susceptibility or resistance to many diseases and pests are visible 
expressions of balance or lack of balance in the cell sap produced by the 
local soils and the prevailing weather. It is on these lines that the present 
fruit soil surveys are being pursued in England with very hopeful results. 
Up to the present the surveys have been of fruit on the soils in the Wisbech 
Area where the water table was thought to be more or less constant; on the 
old Red Sandstone in the West Midlands; and in West Cambridgeshire. 
Other surveys are contemplated or are in progress for trees on the soils 
(mostly sands, Lias clays and marls) in Worcestershire and Somerset, and 
on the varied soils of Kent. 

Sudi surveys are providing information of the greatest value to the 
Advisory Service so that its members in future will be able to tackle the 
fruit problems with which they are confronted, with intelligeijce and a better 
understanding. Fruit trees in Worcestershire—where the rainfall and sun¬ 
shine are fairly uniform for the whole county—reac't very differently when 
planted on the sands, the Lias clays or the marls, though in main the reaction 
is fairly regular on each type of soil. Stunted and hollow trees with much 
leaf scorch and signs of susceptibility to “die-back” on the sands give a 
striking contrast to the vigorous and healthy trees on the marls, or the 
large though somewhat chlorotic trees on the Lias clays. These strikingly 
different results are produced by the soils and the prevailing weather. Under 
different weather conditions trees on similar types of soils would react quite 
differently. It is the recognition of the combined effect of weather and soils 
in the growth of trees and their fruitfulness that is preparing the ground for 
a more intelligent method of orchard management for trees on each soil type 
in any locality. 

So hopeful have been the results from the soil surveys made on these 
lines that the need for their extension to all the fruit areas of this country is 
admitted by those concerned. It is a line of investigation worthy of the 
utmost support by Departments interested in agricultural meteorological 
research. 

Whilst this influence of the weather on the fruitfulness of trees seems 
the most important to the author it is a view that w^ould not be universally 
accepted, for where the effect of weather on the fruit crops is in question, 
the majority of people think in terms of frost damage at blossom time. It 
is therefore advisable to set out in Part II of this paper the more modern 
views on the latter subject and also the methods that have been tried to 
prevent frost from damaging the blossrtii. 
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PART ii 

FROST DAMAGE TO FRUIT BLOSSOMS 

When the fruit treses are in full bloom growers are very apprehensive 
of the weather conditions and fear wholesale destruction as soon as tempera¬ 
ture falls to a low point. Frosts are feared by most, and winds by some, 
though a few suggest that the danger has been much over-rated. A. H. 
Lees of Long Ashton, for instance, has cited a case of plums wdiich were in 
full bloom when there came a snowstorm which covered the plums completely. 
Later in the day the snoV partially melted and toward night froze again. 
All night the blooms were locked in ice and dire prophecies of failure were 
made. Actually a heavy crop was set. In consequence Lees contended 
that the ,danger from spring frost was exaggerated exqept in certain 
situations where, owing to the configuration of the land, a natural reservoir 
for cold air was formed. 

In the spring oF 1927 severe frosts occurred throughout the various 
parts of Ken4 (England) during April when the temperature fell to 19**^ 
(thermometer on grass at East Mailing). Wholesale havoc was expected 
and no doubt much damage was done, but it must be recorded that the 
apple crop in that year was above the average though the other fruits were 
somewhat below. Experiences such as these lead people openly to say 
that the spring frost is a bogey when actually there are times when spring 
frosts may be very harmful. At the East Mailing Research Station records 
of both weather and crops are kept and it is interesting to set out the notes 
on both that were separately recorded each year in the annual reports. The 
results art* as follow'S : 

RELATION OF FRUIT CROPS TO SPRING WEATHER 
AT THE EAST MALLING RESEARCH STATION 


Year 

Spring Weather Report 

eFruit Crop Report 

1924 

Temperature departed little 
from normal. 

Very heavy crop of small fruits 
and apples. 

1925 

Normal. 

1 

Heavy crop of apples and black¬ 
currants. Raspberries affected 
by drought. Plums and pears 
disappointed. 

1926 

i 

i 

First days of April summer-like Plums above average. Black- 
when plums, early cherries currants average. Early apples 
and apples were in blossom, and early cherries good. Late 
Conditions during blossom- flowering varieties poor, 
ing wet and cold. 

1927 

Devastating frosts during 
April, especially April 27th 
and 30th« 

Good blossoming but frost 
damage. Apples below 

average, others poor. 

Black-currants the most 
satisfactory. 

1928 

Ground frosts at blossoming 
time of similar severity to 
1927, but not so destructive 
to crops. 

Apples good. Pears failed 
for third time. Frost and 
cold winds said to be res¬ 
ponsible, Plums variable. 
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It will be seen from this that heavy crops were obtained in the years 
1924 and 1925, when the weather was normal, but that in 1926 the fruit 
that came into blossom during- the cold, wet period gave poorer crops than 
that which blossomed under good conditions. In 1927 frosts in late April 
were followed by inferior crops and the same occurrences, though less 
marked, took place in 1928. 

COUNTY REPORTS OF FROST DAMAGE 

Consequent on very severe frost at the end of April, 1927, the Ministry 
of Agriculture called for special reports at the end of May concerning the 
effect of these frosts on the fruit prospects. Twenty-nine reports were 
received and all made mention of severe damage to the fruit blossoms. 
Here are a few examples : 

Hampshire, —Strawberry blossoms that were open were attacked. The embryo 
flowers were also killed, particularly the style and stigma. High elevations as well 
as low caught the frost (8-15® F. registered) equally. The pick of the blossoms were 
killed and there is little high-class fruit to come—though the “bSck fruits” have made 
a good recovery. ^ 

Worcestershire. —First Reporter.—Practically all fruits have been affected but 
more especially the plums and cherries, some varieties of plums losing 95 per cent, 
of the blossoms. Apples were late in coming into bloom and with the exception of 
“Grosvenor” they have escaped serious damage. Most varieties of pears have been 
badly damaged. 

Worcestershire. —Second Reporter.—In the low-lying parts tlv‘ damage to plums 
is estimated at 90 per cent, as the result of temperatures as low as 14® F. On the 
favoured high ground the effect of the frost 1.4 hardly perceptible. In some cases it is 
very difficult to account for the frost damage in plantations joining one another, the 
one being badly hit whilst the other has scarcely suffered. 

Pear bloom was unusually profuse just at the time of the frost with the result 
that there are no pears, except Williams. 

Kasiern Counties. —The incidence of frost damage has Ixten most erratic. 
Orchanls protected by rows of trees or closely planted have »escaped the most lightly, 
whilst in bleak positions the damage has practically wipf*d out the crop. 

Norfolk. —On the whole, plantations of black currants lost about 50 per cent, of 
blossoms through the frost. A few plantations escaped injury. • 

Hereford. —A frost varying from 11-13® F. occurred on the night of .April 29th- 
30th, accompaniifd by a strong wind N.W. to N.N.W. Only fruit blossoms protected 
from this wind an<i at fairly high altitudes escaped dam.ag(». In many orcliards the 
crop was totally lost but in exceptional situations very little damage occurred. Within 
these extremes, representing the bulk of the plantations, damage of varying severity 
was experiencf:^! 

Kent. —Most frost damage appears to have been experienced in the low-lying 
pockets, though some damage was experienced at all altitudes up to 400 ft. above sea 
level. High districts escaped. Generally, the frost damage has reduced the total crop 
very much less than was at first anticipated. 

Thv. following are taken from reports received in 1928 : 

Warwick. —A series of frost.s—varying in intensity from 5-10® F.— was 
experienc<.*d between the I6th-23rd of April, with the result that much damage was 
done to fruit trees in flower. Very few apples were in flower and on some sites but 
little injury is apparent. In low-lying positions, although the petals of the unopened 
flowers arc intact, yet the vital organs have been destroyed. Plum frees had just 
pa.ssed the flowering stage and a large proportion of the fruitlets are black—though 
a sufficient number have escaped injury. 

Norfolk. —Bitter cold winds and frost.s at night up to 10-12® F. have damaged 
25 per cent, of the plum blossoms. Other fruits are less affected. 

Kent. —Weather con^litions during March ;ind A|)ril have Ix'en aclv(M's<‘ for instn't 

pollination; otherwise injury is very slight. 

Isle of Ely ,—Ground frost on April 6th, 12® F. Apples, frost injury negligible. 
Plums, some injury. Pears, most blossoms ruined. Strawberry flowers blackened. 

Worcestershire. —Apples—some frost damage, particularly in the valleys. Victoria 
plums severely damaged on the low ground. Strawberry flowers blackened. 

Devon and Cornwall, —Frost on 16th April. Pears were caught in full bloom and 
browning took place. Plums suffered severely. Strawberry blooms blackened. 
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Cambridge,—There is no evidence to show that there has been much damage. 
Plums in exposed areas have sulTered from cutting east winds and in sheltered spots 
where frost pockets have formed. In the main I think that the dryness of the air to 
a large extent saved the situation. 

Middlesex,-^Vlxims everywhere seem to have suffered. Pear injury is not so 
general and apples show no damage, 

Herefordshire,—A frost on March 12th from 18-22^ F, at which time the Baldwin 
black currant was just showing flower. The blossom trusses are quite brown (i*in. 
long) and the loss over the whole area will be 6 per cent. 

These reports made by experienced horticulturists as the result of 
personal observations clearly show that under certain conditions intense 
cold may actually kill the vital organs of the blossoms of all kinds of fruit 
and thus make it impossible for such blossoms to produce fruit. The 
degree of cold seems important, though severe damage seems to result only 
when the fruit (wi!^ certain varieties exceptpd) is either in full blossom, or 
nearly so, and becoming ready for fertilisation. The damage seems to be 
intensified when a cold and biting dry wind is also present. 

There is a unanimous opinion, too, that frost injury is more severe in^ 
valleys and low-lying ground, though many observers continually refer to 
damage in “frost pockets”—whatever that may mean—and also state that 
“air drainage” prevented frost damage. 

If any wide investigations were contemplated it would seem advisable 
to study tracts of land to discover the altitude below which it is inadvisable 
to plant fruit, and to find out exactly the causes of a “frost pocket” in an 
otherwise frost free area and to a.scertain what “air drainage” means also. 

FROST SUSCEPTIBILITY OF CERTAIN VARIETIES 

In the above-mentioned enquiry, observers were asked to notice parti¬ 
cularly the comparative injury caused to the^ several varieties of fruit with a 
view to ascertaining whether all were equally affected or whether some 
appeared to possess more resistance than others to frost. The results 
obtained are more definite and interesting than were expected. 

The damage done to several varieties of fruits, classified under the 
headings of “severe damage,” “damage,” “slight damage” and “un¬ 
affected” was as follows: 
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DIFFERENCES BETWEEN VARIETIES OF FRUIT IN THE 
DEGREE OF DAMAGE CAUSED BY FROST 


Severe Damage 

Damage 

1 Slight Damage 

I Unaffected 

H ram leys 

Apples 

Court Pondu Plat 1 Cox’s Orange 

Wellington 


Beauty of Bath 

Stirling Castle 

Irish Peach 

1 


Worcester Pear- 
main 

Lord Grosvenor 

1 James Grieve 
Warner’s 

Lane’s 

Early Victoria 
Bismarck ' 

Lord Derby 
Newtons (var.) 
Allington 

Ellison’s 

Royal Jubilee 

1 

1 

' 1 


Victoria 

Monarch 

Greengage 


Pershore Egg 


Plums 

Czars 

River’s Early 
Prolific 

Ponds Seedling 
Purple Pershore 
Belle de Louvain 


Conference 
Louise Bonne de 
Jersey 

Beurre Bose. 
Williams 
Be rre Hardy 
Clapp’s Favourite 


Pears 

Fertility 
Durondeau 
Doyenne du 
Comice 


HeSsle 


Black Currants 
Baldwin SeaV>rook’s 

Boskoop (Flack) 

Edina 


Whitesmith Gooseberries 

White Lion Lancer Lancashire Lad 

Gunner Careless 

Keepsake 


Stravi^berries 

Sovereign | Bedford Mde. Kooi 

Laxtons j Champion Paxton 

The Duke Stirling Castle 
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Naturally there was some conflict of opinion concerning some varieties 
but unanimous opinion existed both in 1927 and in 1928 that with apples 
Bramley suffered the most damage, and that Cox’s Orange, Lane’s, Worces¬ 
ter Pearmain, Lord Derby, AHington and Newton Wonder, were less 
susceptible. 

With plums the variety Victoria suffered the most, Pershore the next, 
whilst Czar escaped with slight damage. These results were confirmed in 
1928. 

Of pears Conference and Clapp’s Favourite were the most affected in 
all districts, and Hessle the least. 

With blackcurrants the only positive result on which nearly all observers 
agree is th^t Seabrook’s Black suffered the least. 

With gooseberries Lancashire Lad seemed the most resistant and White 
Lion the most susceptible to damage. There was agreement that 
“Sovereign” Strawberries were severely damaged in all districts whilst Sir 
Joseph Paxton escaped with slight injury. A closer analysis of the 
respective behaviour must be left for future research workers who have a 
large and interesting field to explore. 

So definite have been the conclusions regarding the susceptibility of 
Bramley apple, Victoria plum. Conference pear and Sovereign strawberry 
and also the definite resistance of several apples, Hessle pear, Lancashire 
Lad gooseberry, Seabrook’s blackcurrant and Sir Joseph Paxton strav\- 
berry that it is clear that varieties differ considerably in their ability to 
withstand frost damage. An investigation of this kind can only point out 
the main problems and it must be left to the more careful and patient 
research work of scientific investigators to define more clearly the response 
to frost damage of the main commercial kinds. It is clear that the problem 
i$ important and worthy of further investigation. 

RESEARCH WORK ALREADY ACCOMPLISHED 

A certain amount of research has bee/i done and it is proposed to set 
out in a concise form the facts on this subject that have been made known. 

In the spring (April in Kngland) the fruit buds of a potentially fruitful 
apple tree, receiving some stimulus from within, burst into blossom. The 
blossoms are composed of many parts; firstly there are the conspicuous 
pink and white petals—popularly called the apple blossom—whose main 
function is to attract insects to the flower; but having done this they fall 
and .serve no further purpose in fruit production. The effective organs for 
this work lie within the petals; they are much smaller and much less conspi¬ 
cuous, and it is necessary to give some description of the.se and the 
functions they perform before the influence of the weather can be fully 
understood. 

If the flower of the apple is examined there will be found, lying just 
within the pink and white flowers, a large number of thin filaments each 
carrying at the top little oval sacks, which on maturity—they do not all 
mature on the same day—burst open, scattering little yellow pollen grains, 
some of which get attached to the legs, wings and bodies of insects that 
visit the flower in search of nectar and are carried by these from blossom 
to blossom. 

BLOSSOM FERTILISATION DESCRIBED 

Inside this whorl of filaments there are to be found others (the stigma) 
which are somewhat shorter, fewer in number and much stouter, particularly 
so towards their apex. On maturity the ends of these become sticky, a 
condition which remains for 2 or 3 days. Again these do not all mature at 
the same time. The pollen grain pitching on these sticky substances is not 
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only held fast, but it absorbs water from the sticky substance, swells up and 
in consequence is stimulated to grow, which it does by standing out a germ 
tube. This tube is capable of pushing or dissolving its way down through 
the stigma filament into the swollen green tissue lying just at the top of 
the stem. The germ tube here reaches the sac containing the egg and has 
thus made a passage between the pollen cell and the egg cell. 

These processes only take place under favourable conditions. Under 
adverse weather conditions the sticky mass may dry up, in which case the 
pollen cell is not stimulated to germinate; or, if the temperature he too low, 
the pollen again may -send out no lube at all, •or, if the germination is 
stimulated at a low temperature, the growth is so slow that the tube may 
dry out before reaching the egg sac. 

It has been shown by research that pollen grains do not germinate at 
temperatures lower than 4(F F, and even at temperatures below^ 50^ F. the 
growth of the tube is so slow that a connection between the pollen cell and 
the egg sac is not effected in under 2 days, though trfic actual time varies 
considerably. A high atmospheric moisture during this periofj is desirable. 
In practice, of course, the temperature and the moisture vary considerably 
and it is conceivable that in almost levery year a very large proportion of 
germinating pollen grains fail in the attempt \vliilst a few that grow under 
the more favourable conditions complete their growth and establish a contact. 
The proportion that do so in each year must vary according to the w^eather 
conditions. 

When the aforesaid contact has been established, the male gametes of 
the pollen cell travel down the tube, enter the sac, and fuse with the egg 
cell, a process knowm as fertilisation. 

Providing the nutrition of the egg cell is adequate and properly 
balanced, the fertilised eggs soon begin growth and cause a swelling of 
the green base by which sign growers recognise tlfat the blossoms liav set 
their fruit. 

The blossoms on a fruit tree are many and if all were fertilised and set 
fruit, it w'ould be found that the tree would be quite unable to carry the 
crop. Actually only a small percentage of blossoms need to be *‘set*’ to 
give a full crop. 

Research workers in the U.S.A., from an actual count, found that a 
10 per cent, set gave a full crop, whilst Crane at the John Innes Horticul¬ 
tural Institution (London) found that a 5 per cent, set was sufficient for a 
lull commercial crop. By spreading the time for maturing their pollen 
grains over many days, by having their stigmas receptive also over many 
days, and producing numbers of each far larger than could possibly be 
needed, the blos.soms have provided for a considerable loss of their numbers 
without thereby causing a loss of crop. 

It is only in years of exceptionally unfavourable weather—intense cold 
combined with continued dry winds—that the set is reduced below the ‘"five 
per cent.’’ When these unfavourable years come and bring their resultant 
small fruit crops, there is an outcry for means of protection against frost 
damage, and as a conclusion to this paper it is proposed to set out the views 
that are held at present on orchard practices for frost protection such as 
(a) smoke screens, (h) spraying, and (c) heaters. 

SMOKE SCREENS 

Realising that the earth at night radiates heat to the air the early 
workers attempted to prevent the escape of this heat by holding it near the 
ground under a cloud of smoke which could be produced without much 
difficulty by smudge fires. This smudging for a time was believed in and 
much practised, praticujarly in California and Florida, However, when 
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quantitative data of both German and American workers became available 
for the comparison of temperatures in smudged and unsmudged areas (when 
the heat factor is eliminated) there was nothing to indicate that a sufficient 
saving of heat had taken place to make the smudge 5n itself of any great 
value; in fact, it was concluded from the investigations that *‘the retarda¬ 
tion of nocturnal radiation by the smoke cloud played an insignificant part 
in frost protection.** These results are surprising, seeing that the practice 
is of very long standing, for it is said to have been carried out by the 
Romans, and was much in vogue in the 16th-18th centuries in French and 
German vineyards. • 

COVERING AND SPRAYING 

The protection of plants from frost by covering them with paper or 
cloth is effected through saving of the heat otherw^ise lost through radiation. 
The efficacy of this method is well known though it does not seem practi¬ 
cable for orchard ^ise. Next came the attempt to protect plants by a 
water spray^ but when this practice was investigated it was found that the 
sprayed blossoms were the more severely damaged. Ip fact the ice forma¬ 
tion on the surfaces of the blossoms* actually hastened the complete freezing 
and damage of the inside tissues. 

ORCHARD HEATING 

Whilst the investigations on “smudging** were in progress it became 
apparent that the smoke fires did in fact directly warm the air in the vicinity 
and in consequence the method of protection by orchard heating was tried 
and eventually found to be successful. It would at first appear impracti¬ 
cable to warm up the air in an orchard and persons unfamiliar with the true 
situation may be forgiven for believing that the heated aiir would rise to a 
considerable altitude and be lost. However, this is not the case. On a 
clear, calm night there is a relatively thin layer of cold air near the ground 
and much warmer air above. This condition makes orchard heating 
possible, Th^hot gases leave the heaters at a high temperature but rapidly 
mix with the surrounding air so that actually the whole mass is only slightly 
heated. This slightly heated air naturally rises, but not far, for it soon 
meets air from above of the same temperature as itself, when further upward 
movement is checked. Thus in many cases it may only be necessary to 
warm up the air of an orchard to a height of 30 to 40 ft. 

The choice of the heater depends on many factors. A few large fires 
have proved ineiTective, mainly because the upward movement of the 
warmed air rising from them is not checked as is the case with heated air 
from small fires and in addition a current is set up so that cold air is drawn 
in from outside and the valuable warm ceiling layer becomes broken up. 

In those sections of California where orchard heating is practised, one 
hundred burners to the acre, using 1 gallon each of oil, are the most 
common. These will burn for from 7 to 10 hours, and in recorded experi¬ 
ments have been effective in keeping the temperature 5^ F. higher than 
that of the unheated areas. Wind is a complication and often makes the 
heating effect of no avail. Fires of coal, coke, briquettes, wood and other 
waste products have been tried, but none have been found to give as sucess- 
ful results as oil. These substances often take too long to light and in the 
interval the temperature sinks too low and the damage ist done. When once 
lit, too, they cannot be put out if (as often happens) the temperature rises, 
but must be left to burn to the end, when wastage occurs. Oil is free from 
these objections, for lighting is rapid and any or all of the lamps can be 
extinguished at any time when the danger has passed. 
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I.—(^Mitinuous records of thr temperature in an isolated 10*acre pear orchard 
equipped with 6*quart tard-pnil oil heaters and at a check station outside. The 
check-station rea»rd indicates what the temperature in the orchard W'ould have 
heen without heating. 'I'he temperature was raised 8*^ F. with 72 heaters to the 
acre hurninj*. Compare with temperature increase at a larger fired orchard on 
tiv same night as shown in Figure 2. Small green apples and pears at tiv' 
check station were frozen solid on this night. 

1'lic writer thinks it unnecessary to give an account of the orchard 
heater, of the brand of oil used, of the arrangements for placing the pots 
in the orchards, or of the methods adopted for lighting^the heaters, etc., for 
all particulars of these have appeared in Farmers* Bulletin No. 1588, issued 
in April, 1929, by the U.S. Department of Agriculture, and in the New 
Zealand Journal of Agriculture for June, July and August, 1928. It seems, 
however, essential to the discussion to record the results achieved and the 
expense involved. 

The results are best shown by a reproduction of two graphs taken from 
the aforesaid bulletin, for these give the results of carefully recorded experi¬ 
ments. The one relates to a 10-acre orchard and the second to a lOO-acre 
orchard. 

In the control plot for the 10-acre orchard the temperature steadily 
dropped from 44^ F. at 9 p.m. to 25^ F. at 6 a.m., when the small green 
apples and pears were seen to be frozen solid. In the 10-acre orchard the 
temperature dropped in a similar w'ay from 44® F. at 9 p.m. to 33*^ F. at 
midnight—when the border rows of heaters were lit. The temperature 
dropped but; less sharply so that at 2 a.m. it was nearly 29*^ F., when 36 
burners were started. This arrested the drop in temperature, and in fact 
secured a rise to above 32® F. by 4 a.m. It was necessary, however, to 
have 76 burners going from 4 a.m. till nearly 7 a.m. to maintain this 
temperature after which time all danger had passed. At 6 a.m. the 
difference between the control orchard and the heated orchard was as great 
as 8® F., «.e., 25® F. as compared with 33® F. 

The notes given on the graph for the lOO-acre orchard are self-expla¬ 
natory ; and again show that orchard heating, when properly done, can 
maintain a satisfactory air temperature even over large acreages. Careful 
experiments made in New Zealand in 1928 over small areas gave somewhat 
similar, though perhaps slightly less successful, results. 
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COST OF ORCHARD KEATING 

No figures of experiments in England are available to show the cost of 
orchard heating, but many accounts have been published for orchards in the 
United States,, Firstly, there is the question of the number of times ttot 
the fires must be lit "and this varies for the crop and for the year, lo 
protect citrus orchards during the winter months needs more firing and for 
longer periods than for deciduous fruits. In one recorded instance, for 
protecting 281 acres of lemons, the average number of times firing was 
required over a period of 14 years (1913-1926) was 17, with a minimum o 
2 in 1914 and a maximum of 30 in 1923. In protecting orchards of deciduous 
fruits the average is said to be about 5 times annually. 

f 
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The cost involved falls under two heads, capital and annual operating 
costs. A typical cost for 40 acres of pears wuth simple oil heaters is said to 
be : 

Dollars 


Total investment for 40 acres 

Total annual cost ... ... 

Or average annual cost per acre 

For a 303-acre orchard of apples and pears, in 
were used the cost was: 

Total investment 303 acres 
Annual cost per acre 


3,26900 
944 18 
23'60 

which coal briquettes 

Dollars 

20,84830 

27 89 in 192S 
49*83 in 1926 
8916 in 1928 
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Kidson estimates the cost for heating orchards in New Zealand, with 
oil for three firings only being provided for: 

2 acres. 5 acres 10 acres. 

Investment ... £70 0 0 £156 12 0 £306 15 0 

Average running cost 

per acre £19 2 6 £18 0 10 £17 12 2 

CONCLUSION 

These figures clearly show that orchard heating is costly. Whether it 
is profitable seems to be a debatable point. The few growlers who tried il in 
England soon gave the practice up. In the U.S.A., orchard heating has 
become a settled part of orchard routine in the citrus fruit ^ec'tions; in 
others it has been in extensive use, but is now almost obsolete. 

If the value of the crop per acre is high, as with citrus fruits, heating 
may be economically sound; if the crop value is low, heating is of doubtful 
wisdom. Frequently the yearly expense of orchard heatir^ in America has 
amounted to £5 per acre; in some cases it has reached £10; so vhat while 
in some instances it has proved a profitable practice, in more cases it has 
not. At any rate, a recent booklet on ‘American orcharding records that 
“orchard heating is not so common as it was some years ago. Certain 
areas have abandoned it altogether, in others only a few growers continue it. 
In some instances too much has been expected of it, but probably in the 
majority of cases it has been abandoned for the excellent reason that it has 
not pald.“ 

The high cost of orchard heating and the uncertainty surrounding frost 
occurrences make it necessary for growers of deciduous fruits to rely more 
and more on what may be termed frost resistant varieties and it 
is to this aspect that the attention of research investigators is directed 
more particularly. • 
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CROP ESTIMATES AND FORECASTS’ 


METHODS IN TROPICAL COUNTRIES 


T hat crop estimates and forecasts have a value to trade is recog¬ 
nised in most countries and, in many, considerable expense is 
incurred irw their preparation. There* is a distinction between 
a forecast and an estimate which is not always observed. 
Strictly speaking, a forecast is a prophecy, an estimate before 
the event. A yield forecast is an estimate made before the crop is reaped; 
an estimate is made after the crop has been reaped. But as the final 
official estimate can only be an approximation it is perhaps permissible to 
refer to estimate^ made between harvest and the final return as forecasts, 
forecasts, that is, not of the crop but of the final return. A true forecast of 
yield can never be unconditional; it is made before the crop is harvested 
and there is always the possibility, of the crop being damaged or even lost 
by last minute adverse weather conditions. A true forecast is, therefore, 
always conditional, and assumes that the weather conditions to harvest 
will remain normal. An estimate, on the other hand, is unconditional; it is 
made after the harvest has been reaped, 'fhe major value of an estimate 
to trade is its accuracy, that of a forecast lies very largely in its earlinesj. 
True forecasts are necessarily liable to error because they are conditional; 
nevertheless their earliness gives them a trade value which justifies an effort 
towards their improvement. 

Factors to he studied ,—'fotal ‘ production is the resultant of two 
factors, area, or acreage, and yield per acre. In plantation crops the 
former hardly enters into the question of forecasting, for where a crop takes 
some years to mature marked fluctuations in the annual acreage are 
impossible. cThe productive area can,here be determined at comparatively 
small cost. It is in annual crops, crops like maize and cotton, that large 
fluctuations occur from year to year and that difficulties arise in any 
accurate determination of area at any reasonable cost. Where climatic 
conditions are such that only when these are favourable can a crop be grown, 
it is these conditions that will control area; where these conditions are 
such that they offer no check on the area sown, it is Ihe cultivator’s own 
judgment as to the relative value of his alternative crops that will determine 
the area. These latter conditions hold not only in a country like England 
where climate rarely offers any check to sowing operations but in an irri¬ 
gated tropical area where any deficiency in moisture at sowing time can be 
made good artificially. 

Statisticians have evolved a useful and delightful measurement of the 
degree of inter-relationship between two series of observations—the correla¬ 
tion co-efficient. It is useful because it expresses in a brief numerical form 
—ranging from + TOO through 0*00 to—TOO—a wealth of information; it 
is delightful because the calculation can be extended to give the true odds 
against any particular conclusion. These the bookie cannot know, these 
the layer of a stake at the roulette table does not stay to calculate, but here 
it is possible to say with accuracy the chance that the actual result will lie 
within any given divergence from thei calculated figure. But the calculation 
requires a series of concordant data giving the relative values of the two 
series; and herein lies the main difficulty, for in relatively few countries are 


* By Dr. H. Martin Teake, Sc.I)., F.L.S., in Empire Productiori and fxpart, 
No. 166, August, 1929. ' 
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there a sufficiently large series of measurements of climatic factors, of areas 
and yields to enable the relation between climate and factors determining 
yield to be measured. It is in the main this difficulty which has limited the 
number of instances in* which the method has so far been applied. A brief 
account of a few of these follows. 

Sotiie Examples of Method ,—The cotton crop of Northern India may be 
sown on irrigation or on the first monsoon rains. The area of the latter 
varies immensely owing to the wide variations of incidence and amount of 
the early rains. It has been possible to forecast, with an accuracy greater 
than that of the official forecast, the area of unirrigated cotton of a tract 
limited to a single district. It is possible to do this by the 15th July, a date 
on which cotton is still being sown and which is well before* the date of 
issue of the first official forecast. The irrigated area shows, as would be 
expected, no such dependence. It can, by the same method, be shown to be 
dependent on the cotton—wheat price ratio, dependent, that is on the rela¬ 
tive importance of cotton and wheat in the estimation ofrthe cultivator, and 
It is interesting to note that this dependence is greater in a district of the 
main cotton tract than in one which lies on the border of that tract. In 
the main cotton tract the cultivator pays greater attention than elsewhere 
to the price of the commodity. In the same tract wheat is the principal 
cold weather crop. It, again, is sown either with, or without, irrigation. 
The irrigated w'heat area shows no dependence on the rainfall of the 
preceding monsoon, but the unirrigated area can be shown to, be largely 
dependent on that rainfall. It is, in fact, possible to calculate what that 
area will be from the preceding monsoon rainfall and to do this some 15 
days before sowing (ommences and with an accuracy greater than the 
official estimate published some two months later. In the Punjab even 
more accurate determinations have been made by taking into consideration 
other factors. , 

1'he above indicate what may be possible in the direction of determining 
acreage. More important from the commercial aspect is the question of 
estimating yield per acre. A reliable method of estimation of yield at the 
commencement of harvest, and one which would eliminate the personal 
factor, w'ould be of considerable advantage to plantation managers and 
companies engaged in agricultural production. As an example of w'hal is 
possible here, the results based on the records of a Barbadian sugar planta¬ 
tion may be given. 'I'he crop is laid down around the New Year and 
occupies the ground for some fifteen months. Given the daily rainfall data 
from June to December—eighteen months covering the dale of sowing—it 
has been found possible to forecast the yield of cane per acre with an even 
chance of being within three tons of the actual yield. It has, further, been 
possible to extend the method to apply to the entire sugar production of the 
island of Barbadoes. Results of a similar nature have been obtained for 
the yield of cotton on an Indian farm where, though by a more complex 
calculation, the monsoon rainfall is used as the basis of determination. 

A considerable amount of work has been done in America in the above 
direction, and it has even been claimed that the American cotton crop can 
be estimated from weather data with an accuracy w^hich exceeds that of the 
official estimates. It is a complicated calculation in which other than rain¬ 
fall data are involved. Recently, too, the cacao yield on the Gold Coast has 
been shown to depend on the seasonal rainfall to an extent which renders 
it probable that the crop could be forecasted from the rainfall data were a 
sufficiently lengthy record available. But perhaps the most noteworthy 
effort to forecast yield comes from Mauritius. Mauritius is an island 
periodically swept by hurricanes and the attempt was made to find a reliable 
method of estimating loss for insurance purposes. To this end it was 
necessary to determine what the yield would have been had there been no 



hurricane—determination about as difficult as that of the length an 
illness would have been if the doctor had not been summoned. In spite of 
the difficulties, a result very successful, if not sufficiently convincing for the 
insurance companies, was obtained using again meteorological data as a 
basis for the calculation. 

Practical Advantages ,—The above indicate in very brief outline the 
advances which are being made in the direction of forecasting crops from 
the weather records. The practical advantages of such methods when 
perfected are patent to the plantation manager, freedom from the personal 
element in making his estimate; to the trader, ability to make his own 
estimate independent of official agents other than those of a weather bureau; 
to Governrfient, freedom from a somewhat complicated and expensive system 
of crop reporters. But there are other advantages which are not so obyious. 
The fact that it is coming within the range of possibility to forecast yield 
indicates a growing knowledge of the relationship existing between the 
crop and the climatic conditions. It means a growing knowledge of the 
condition's which are best adapted to yield a satisfactory growth at each 
stage of the plant’s development* efforts to forecast, in fact, help towards 
that knowledge. Such knowledge makes it possible to place the finger on 
the critical stagps and to take such steps as may be possible to modify the 
conditions at those stages to the plant’s requirement. Further, it makes it 
possible to reduce the labour of finding the variety of any plant best suited 
to any particular conditions. But such methods can only be perfected 
where a sufficient series of accurate and concordant data both of weathe: 
conditions and of crop production are available for analysis. 

No reference has been made to the large amount of work that has been 
done on the relation between crops and climate in temperate countries. The 
problem here is more complicated, humidity is not the only, nor perhaps 
the most important, climatic factor influencing growth. Temperature is 
obviously an important factor, and at the same time its effect is by no means 
easy to interpret owing to the irregular and rapid nature of the fluctuations 
which renders measurement difficult.' Progress in forecasting, therefore, is 
likely to be most rapid in the tropics and the labour incurred in maintaining 
a record of climatic and crop data under tropical conditions is assured of an 
ample reward. 



CITRONELLA 


DEPARTMENT OF AGRICULTURE, CEYLON, 
LEAFLET No. 54. 

The trade in cilroneWa oil, which received a set-^ack in the period 1917- 
21 appears to be regainings its position of pre-war days. The average 
rtiinual export for the three periods of 5 years is as follows 

1912-16 ... 1,527,246 lb. ; average price per lb. Rs. 0*S5 

1917-21 ... 1,075,909 lb. ; average price per lb. Rs. Oil 

1922-26 ... 1,300,306 lb. ; average price per lb. Rs. T55 

The average price for the periods has improved considerably, but in the 
last five years the price has fluctuated much, and shows a lendeilcy to drop. 

The following table shows the quantities exported and prices during the 
past five years : 

• Highest 


Year 

Quantity 

Total 
Value of 

Average 

Price 

Price per lb 
. reached 


exported 

Exports 

per lb. 

during 


lb. 

Rs. 

Rs. 

the Year 
Rs. 

1922 

... 1,299,889 

... 1,638,242 

... 1-30 

... T60 

1923 

... 1,121,271 

... 2,130,283 

... 2 09 

... 2*44 

1924 

... 1,433,381 

... 2,941,291 

203 

... 2-45 

1925 

... 1,415,639 

... 2,259,465 

... 1-37 

... 2*00 

1926 

... 1,431,351 

... 1,774,326 

... 0-99 

... T25 


The quantiiv exported in 1927 amounted to 1,358,191 lb. valued at 
Rs. 1,264,745. 

The countries to which citronella oil is exported are seen from the 
following table : 

PERCENTAGE OF TOTAL ANNUAL EXPORTS 



1922 

1923 

1924 

1925 

1926 


Per 

Per 

Per 

Per 

Per 


cent. 

cent. 

cent. 

cent. 

cent. 

United States of America 

58*7 

50 5 

39*9 

44*8 

40*2 

United Kingdom 

23*8 

34*7 

38 0 

230 

29*6 

Germany 

21 

15 

4 4 

8*2 

9*0 

Australia 

6*8 

3*7 

4*6 

6*7 

5*0 

The area under citronella 

in Ceylon 

is 36,378 

acres, 

and the 

grass 


cultivated almost entirely in the Southern Province. The industry, is con¬ 
fined mainly to the Matara (22,382 acres) and Hambantota (13,660 acres) 
Districts. 

Citronella thrives in dry regions, on hard gravelly soils which are not 
retentive of moisture; hence highland and slopes of hills in the Southern 
Province are all occupied by this crop. At present the cultivation of citro¬ 
nella is restricted to the low-country below an elevation of 1,000 feet. At 
higher elevations and under moisture conditions growth has been good, but 
the yield of oil has been low. The average annual rainfall of the citronella 
district is 70 inches, but the crop is capable of withstanding severe droughts. 
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The botanical name of citronella is Cymbopogon nardtis, Rendle of 
which two types are cultivated: 

(«) “Maha-pengiri/* also known as the old citronella grass, and 
‘‘Winter^s grass sometimes considered a distinct variety and 
named C. Winteriamis; and (h) '‘Lena^mtu pengiri*' or briefly 
lena^hatu, also known as heen-’pengiri. 

The grass known as “Java maha-pengiri’* also appears to be a distinct 
variety. 

“Maha-pengiri^* yields a finer oil and a greater output than “Lena-batu 
pengiri.” Java citronella oil commands a higher price than the Ceylon oil. 

The firsh plantation of citronella, at Baddegama, consisted solely of the 
variety “Maha-pengiri.^’ “Lena-batu” originated subsequently in a planta¬ 
tion in Matara, and in a short time almost entirely replaced the old grass on 
account of its bein^ so much hardier. 

The comparative differences of habit of the two varieties are as 
follows: * 

Maha-pengiri • . Lena-‘hatu 

Is a surface feeder, and is liable to ... Deep-rooted 
be uprooted at the time of cutting 

Requires two weedings before the ... Two cuttings can be made before 
first cutting the first weeding 

Grows more slow’ly ... Faster-growing 

Can be cut only twice a year ... May be cut three or four times a 

year 

Requires a richer soil ... Grows on poor soil 

Not able to stand a l 9 ng drought ... Will stand prolonged drought 

Require.s to be replanted after two ... No replanting needed for 10-20 
years years 

* PLANTING AND CULTIVATION 

Propagation is entirely vegetative by division of the root-stfx:k. These 
divisions should be planted out in suitable weather, when the rains have set 
well; otherwise watering to prevent losses would be difficult as well as 
expensive. 

The usual method is to plant groups of 4-5 shoots at distances of 1 foot. 
As the plants grow up they run together into a large clump, and the clumps 
are formed about 4 feet apart. There does not appear to be any regularity 
observed in planting, and a plantation presents the appearance of irregularly 
scattered clumps. In most instances as many as 40,000 plants may be 
found to the acre; but better results have been obtained by limiting the 
number to 15,000. It would be preferable to plant shoots at a distance of 
1 foot in rows 3 feet apart. This would facilitate manuring and hoeing 
between the rows; while the manured space would be available for replanting 
which it is recommended should be carried out after 5-10 years, when the 
yield of oil has begun to diminish. Weeding is usually performed at the 
time of cutting. This should be done at least twice a year. At the same 
time the bushes should be cleaned by removing all damaged and decayed 
leaves. 

The usual practice of manuring is to use the grass from the stills as 
a mulch. Sometimes furnace ashes are also applied mixed with the waste 
grass. Beneficial results have been <^tai0ed by adding cattle rnaniire. 
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The following artihcial fertilizer mixture is recommended by the Agri¬ 
cultural Chemist: 

Groundnut cake ... ... 150 1b. 

Sulphate of ammonia ... ... 50 1b. 

Kainit ... ... 100 1b. 

Superphosphate ... 50 1b. 

200-300 lb. of the mixture would be sufficient for an acre. 

As citronella is usually cultivated on hillsides which are liable to suffer 
from soil erosion, the crop should be planted in lines along the contours. 
Drainage has not been carried out in the old plantations; but it would be 
beneficial to cut contour drains at distances of 30-40 feet apart. 

The cultivation of “Maha-pengiri” or “Winter’s gl-ass” differs 
essentially from that of “Lena-batu,“ which is the commonly cultivated 
variety. “Maha-pcngiri” is to be found at Baddegama, and is cultivated 
on ridges in the flat valley land. Three rows of plants are set down a foot 
apart, on ridges 8 inches high. fhe ridges are formed^O feet apart. This 
variety does not grow as rapidly as “Lena-batu,” and requires to be 
replanted after two years. I'he intervals of cutting are longer than in the 
case of the common variety. Usually *only two cuttings are obtained in a 
year. 

'riie oil-content of “Maha-pengiri” is 0*6 per cent, which is nearly 
50 per cent, higher than the oil-content of the “Lena-battu” variety. 

HARVESTING AND YIELD 

If growth has been satisfactory, the first cutting may take place at the 
end of the sixth month. After this, cuttings can be made every third or 
fourth month depending on the state of the weather. 

'I'he maximum yield is obtained in the third year, and after the fifth 
year the yields dimini.sh rapidly. In the third year the quantity of grass cut 
may be 15,000 to 20,000 lb. ; and this may yield 60-80 lb. of oil, equivalent 
to 40-50 “bottles” of 24 oz. At this .stage the oil-content of the grass is 
0*4 per cent. The average yield for the first three years may be taken as 
45 bottles per acre per annum. 

From the fourth to the fifteenth year the average annual yield per acre 
is estimated at 26 bottles or about 39 lb. of oil. The average quantity of 
grass then cut per acre per annum varies between 3,000 and 10,000 lb. 

'fhe yield varies with the season, being highest during the hot weather 
in March-April, and low during the wet season and the flowering period. 
Fhe October-November crop is higher in weight, but lower in oil-content 
owing to the flowering. Cuttings therefore should take place regularly 
before the flowering stage. After cutting, the grass should be left to wilt 
for a day; but it should not be heaped as this will induce fermentation and 
consequent deterioration. 

The oil obtained from this partially dry gra.ss is sweeter in fragrance 
and is of better quality than that obtained from grriss distilled immediately 
after cutting. 

DISTILLATION 

The methodiof distillation practised in Ceylon is as follows: 

The oil is distilled by means of steam. The boiler is fed with hot water 
from the condenser tank, and the spent grass is used as fuel. The steam 
pre.ssure is about 10 lb. ; but in some cases is said to be as high as 60 lb. 

From the boiler the steam is led into the stills w^hich are usually two in 
number, from 6-9 feet high, and 3-6 feet in diameter. After the still is 
lightly filled with grass, the lid is fastened on, and steam let in from the 
boiler. The tubular prolongation of the funnel on the top of the lid leads 
to the condensing W'orm which is kept cool by means of flowing w^ater. 
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The distillate consists of water and oil» and is collected in a copper tank, 
3 feet in diameter and 18 inches deep, with a siphon at the base reaching to 
about the level of the top. When the tank is nearly full, the siphon begins 
to discharge the water in the lower level of the tank. The oil which is 
lighter floats*. When a quantity of the oil has been collected it is drawn out 
and filled in bottles or drums. 

CITRONELLA OIL 

Pure citronella oil varies in colour which may be pale-yellow, greenish, 
or reddish-brown. 

The purity of the oil is judged according to the following standard : 

Ceylon Oil Java Oil 

“Lena-batu’* Var. ‘*Maha-pengiri*’ Var. 
Sp. gr. . . ()‘898—0 920 0-884~0-900 

Opt. rotation ... --7^^-20« O*^-3^' 

Ref. ind. at 20^ ... 1-4790—1 4890 1-4650—1*4720 

Totai “geranior^ ... 55—64% 83—92% 

The Ceylon oil has a higher sp.* gr. and lower ‘‘geraniol'’ content than 
the Java oil. The variability in composition of pure samples may be due to 
the method of distilling and quality of the grass at lime of cutting. 

The general test applied to citronella oil is ‘‘Schimmel’s test,** which is 
an empirical one, and depends solely on the solubility of the oil in alcohol. 
It is as follows : when the oil is shaken with 1-3 vols. of 80 per cent, alcohol, 
a clean or only faintly opalescent solution should be formed. When the 
solution is diluted to 10 vols. with 80 per cent, alcohol, no oil drops should 
separate on standing, though a mere turbidity may be disregarded if pre¬ 
viously present. 

This test has been found insufficient to detect the addition of petroleum 
(kerosene) and alcohol (methylated spirit). Some citronella oils do not show 
a turbidity even if they contain added kerosene to the extent of 5 per cent. 
To overcome *the difficulty of detecting adulteration with kerosene, a test 
known as “Raised Schimmers Test** has been adopted, and is carried out 
as follows : two tests are made side by side; one exactly as usual in the 
ordinary Schimmel’s test; the other after the addition of 5 per cent. Russian 
petroleum to the oil under examination. Both the original oil and that to 
which petroleum has been added should be soluble in 80 per cent, alcohol 
as employed, and oily drops should not separate in either case. 

The other method of judging the purity of citronella oil is on the basis 
of total “geraniol** content. 

It has.been found by experiments that some citronella oils which pass 
the raised Schimmel’s test when fresh fail to so do after keeping for some 
length of time. On the whole, “while SchimmeTs test is valuable as a 
rough and ready means of detecting gross adulteration with petroleum, it is 
of little use where this adulterant is present in small quantities only.** 

Recently it was found that spirit in some fprm had been used to a fairly 
large extent in the adulteration of citronella oil. This has the effect of 
permitting the addition of a large amount of kerosene. The citronella oil, 
nevertheless, is still able to pass Schimmel’s test. This form of adulteration 
can however be detected by the lighter specific gravity of the oil. 



MEETINGS, CONFERENCES, ETC 

COCONUT RESEARCH SCHEME 


BOARD OF MANAGEMENT 


M inutes of the fourth meeting- ol the Board, held at 2-30 p.m. 

on Monday, January 20, 1980, in the old Leg^islative Council 
Chamber, Colombo. 

Present :—Dr. W. Small, M.B.E. (in the chair), the Hon’bU* 
Mr. C. W. Bickmore, C.C.S., Mr. j. Fcrgusson, the Hon’ble 
Mr. C. H. Z. Fernando, the Hon*ble Sir H. Marcus Fernando, the Hon’ble 
Mr. A. Mahadeva, Mr. John A. Perera, J.P., U.P.M., Gate Mudaliyar A. E. 
Rajapakse, J.P., U.P.M., Mr. J. I. Gnanamuttu, (Sew'elary). 


Apologies for absence were received from Mr. N. R. Outschoorn, 
Mr. J. Sheridan-Patterson, J.P., U.P.M., and the Hon’ble Mr. D. S. 
Senanayake, 

1. Minutes .—^The minutes of the meeting held oo October 2nd, 1929, 
copies of which had been circulated to members, were taken as read and 
were ('onfirmed and signed by the Chairman. 

2. Finance. —(a) A statement of receipts and expenditure for the 
quarter ended 31st December, 1929, was passed without comments. An 
estimate of the income and recurrent expenditure anticipated in 1930, as 
well as the approximate capital expenditure on acquisition of estate, erection 
and equipment of laboratories and bungalows, was tabled. It was noted 
that the sum required out of the loan of Rs. 200^000 provided under the 
C'oconut Research Scheme Ordinance would be about Rs. 69,000. 
Mr. Bickmore doubted whether the Government grant of Rs. 200,000 could be 
fully utilized while only a portion of the loan was required ^for expenditure. 
Mr, Fernando stated that the matter was considered by the Select Committee 
which reported on the Ordinance and that the intention had been to allow 
the grant to be used before any part of the loan was drawn from the 
Treasurer. 


(b) The Chairman read correspondence with the Colonial Auditor 
relating to the audit of the accounts of the Sc heme. Mr. Bickmore was of 
opinion that so far as the present accounts of the Scheme were concerned, 
the procedure proposed was satisfactory. It was resolved that the proposed 
examination of a monthly cash account and supporting vouchers, checking 
the same with authorities, a two-day half-yearly inspection of accounting 
and store records and checking of an annual balance sheet, at a cost ot 
between Rs. 200 and Rs. 300 per annum, be accepted as adequate, pending 
the opening of the research station of the Scheme. 

3. Powers of Boardi in relation to the Staff ,—The Chairman invited 
comments upon the view expressed by Mr. E. J. Samarawickrame, K.C., 
that the Board had powers to pay bonuses or gratuities or to institute a 
provident fund, and the opinion of the late Attorney-General that similar 
powers did not exist under the Local Boards Ordinance. Mr. Bickmore 
stated that an ordinance was about to be introduced which empowered Local 
Bodies to create provident funds of their own. Sir Marcus Fernando was 
of opinion that if the new ordinance was likely to be passed in the current 
year the Board would do well to postpone action. The Chairman undertook 
to enquire from the Tea Research Institute what proportion of an officer’s 
salary was contributed by that Scheme and w^hat proportion by the officer 
himself. 
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4. Estate Suh^Committee .—^The Chairman reviewed the work carried 
out by the Sub-Committee which finally decided to recommend two 
estates for consideration. Of these the better one was Bandirippuwa 
Estate, situated within one mile of Lunuwila railway station, and which was 
exactly suited for the purposes of the Scheme. In reply to Mr. Mahadeva 
the Chairman added that the estate would be the central station of the 
Scheme, that sub-stations in various zones of the coconut districts would be 
required later, that land for new planting was not essential at the central 
station, and that seed selection, etc., could be carried out at the smaller 
stations. Bandirippuwa,Estate would be largely for. the purpose of manurial 
experiments and a fully planted estate of uniform growth was desirable. 
He added that the estate would be worked at a profit from the start and it 
was essential*that no more time should be lost in establishing the central 
station. The Chairman proceeded to say that all the members of the Sub- 
Committee were in favour of Bandirippuwa Estate, although two of them 
thought that the pr^ce demanded was high. Sir Marcus Fernando moved 
that the Board do empower the Estate Sub-Committee to treat with Messrs. 
J. R. & H. A, de Silva & Co. for the purchase of 200 acres of Bandirippuwa 
Estate at the price of Rs. 1,250 pei; acre. Mr. John A. Perera seconded, 
and the motion was carried unanimously. 

5. Staff, —(a)-A precis of the replies from insurance companies relating 
to a scheme of endowment insurance for the staff of the Scheme was con¬ 
sidered. It was decided that the question of an endow^ment insurance be 
dropped for the time being, and that the insurance companies be so informed 
and thanked for the information supplied by them. 

(b) An application from the Clerk/Shorthand-Typist for an allowance 
in lieu of holiday warrants was considered. It was decided that holiday 
warrants be issued to this officer in the same way as to clerks in Government 
service and that a commuted payment should not be allowed. 

6. Travelling, Coconut Research Scheme ,—The question of mileage 
at the rate of 25 cents allowed to outstation members for attendance al 
meetings of tht* Board was discussed. It ,was resolved that the flat rate ol 
25 cents already sanctioned by the Board should be adhered to. 

By Order, 

. (Sgd.) J. I. GNANAMUTTU, 
Secretary, 

Coconut Research Scheme. 
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DEPARTMENTAL NOTES 

REVIEW 

TROPICAL AGRICULTURE* 

C ONSIDERABLE development and change has taken place in the 
field of tropical agriculture within the last three and a halt 
decades, and, as the results of research work in the various 
parts of the tropics become better known, the scope increases 
and the field perceptibly widens. A book which purports to deal 
with tropical agriculture as a single subject without extending to encyclo¬ 
paedic proportions must of necessity be in the nature of a guide to the 
sources of more detailed information, and to this end jhe new and revised 
edition of the late Sir Henry Alford Nicholls’ well-known book supplies a 
long-felt want in this particular field. By the retention of most of the 
original text nothing has been lost, and by the addition of illustrations, 
references, and text material much has been gained. The intention of the 
author has been well kept in view in the revised form of his text-book, and 
as a preliminary text-book for agricultural schools and educational institu¬ 
tions throughout the tropics it should prove a most valuable standard work. 
It is well bound, particularly free from printer’s errors, and though con¬ 
taining about double the number of pages is little more than half as thick 
again as the previous editions. The value of the book as a whole would 
have been considerably enhanced by the addition to the text of a few pages 
dealing with dry farming and one of the main cereals of the eastern tropics, 
namely kurakkan (Elcusinc Coracana), In the chapter devoted to citrus 
friuts greater stress might have been laid on the important question of the 
relationship of stock and scion and to the question of training and careful 
pruning while the plants are young. ^ 

More extended reference than inclusion in a chapter heading could be 
considered desirable to the plantain (Musa paradisiaca) which is still one of 
the most important food crops of the tropics and produces more food per 
acre than any other crop. In the sections on spices and essential oils the 
difference in value between the leaf oil and the bark oil obtained from the 
cinnamon plant might with advantage have been indicated, the latter fetching 
on the average as many shillings per ounce as the former fetches per pound. 
It is curious that for convenience no mention is made in the section on 
pepper of the valuable form of support for the creepers which is provided by 
the kapok tree (Eriodendron anfractuosiini), though it is referred to in the 
section on fibres which deals with this plant. The section on Para rubber 
(Hevea hrasiliefisis) is somewhat out of date, especially on the question of 
tapping and tapping knives, of which the illustrations on pp. 483 and 484 
give evidence, while no mention is made except in the list of references to 
the s ubject of bud-grafting as applied to this important crop.—W.C.L-S. 

* A Text-hook of Tropical Agriculture by Sir Henry .Mford Nicholls, C.M.G., M.D., 
K.L.S. Revised by John Henry Holland, F.L.S. XXXin4-639 pp., 213 figs, and illustrji- 
tions. Macmillan & Co., Ltd. 1929. Price 15/-, 
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G. V. S. Office, 

Colombo, 10th March, 1930. G. W, 8TUBGESS, 

Government Veterinary Surfteon, 
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METEOROLOGICAL REPORT 


FEBRUARY, 1930. 


station 

Temperature 

j Humidity 

Amount of 
Cloud 

1 Rainfall 

c 
c 5 

§.i 

Dif¬ 

ference 

from 

Average 

Mean 

Minimum 

Dif¬ 

ference 

from 

Average 

>> 

s 

If 

ll 

Amount 

eSS 

Difference 

from 

Average 


0 

0 

o 

0 

% 

% 


inches 


inches 

Colombo 

876 

+ 0'6 

723 

+ 12 

68 

90 

3 S 

1*97 

7 

— on 

Puttalam 

881 

+ 1 3 

703 

— 11 

68 

95 

4*0 

100 

4 

- 0*28 

Mannar 

88'1 

+ r5 

737 

+ 08 

66 

90 

3*3 

013 

*3 

— 1*21 

Jaffna 

85-8 

+ 17 

727 

' +07 

68 

90 

4 3 

075 

2 

— 1*05 

rrincomalee - 

83 3 

+ 07 

76'5 

+ 18 

74 

79 

34 

2 22 

3 

0 04 

Batticaloa 

83'8 

+ 0*6 

736 

+ 09 

74 

90 

4*3 

0*82 

2 

— 2*66 

Hambantota - 

87'2 

+ n 

733 

+ 17 

68 

88 

2*5 

1*07 

4 

— 0 35 

Galle 

857 

+ n 

73’4 

4 - 0 'l 

73 

93 

48 

4*44 

4 

+ 1-53 

Ratnapura 

92-4 

+ 34 

714 

— 0‘5 

.63 

93 

40 

5*84 

13 

+ 1*30 

A^pura 

86 7 

— ro 

700 

+ 1*6 

69 

95 : 

45 

3 37 

6 

+ 185 

Kurunegala - 

90 0 

—0 2 

702 

+ 1*3 

62 

90 

4*4 

4.70 

4 

+ 304 

Kandy 

86‘3 

+ rs 

681 

+ 1*8 

63 

85 

3‘9 

2*34 

5 

+ 0 09 

Badulla 

797 

+ 0 7 

637 

+ 1*6 

72 

94 

45 

3 19 

6 

+ 076 

Diyatalawa - 

76‘3 

+ 2-4 

55'1 

— 1*0 

70 

88 

4*4 

2*06 

10 

— 0*27 

Hakgala 

73 3 

+ 24 

509 

+ 1-3 

77 

90 

3 8 

379 

7 

+ 049 

N^Eliya 

70'5 

1 

+ n 

43'6 

— 0*6 

64 

93 

4*6 

137 

4 

— 0 66 


The rainfall of February was within a couple of inches of its average 
throughout three quarters of the Island. Stations wjiere the average was 
passed by more than this amount were chiefly in Sabaragamuwa, the 
Southern Province, southern Uva, and inland parts of the N.\\\P. 
Deficits of more than 2 in. occurred chiefly, but not exclusively, in the 
I^astern Province. Most of the rain fell in the first half of the month. 

'I'he highest total for the month was at Keragala, 13’41 inches, while 
other stations with over twelve inches were Alutnuwara and Mawarella 
(S.P.). Falls of over 5 inches in a day were recorded at Alutnuwara, 
Peau Sejour, Huttala and Hali Kla on the 8th and at Unichchai on the 14th. 

It will be seen in the table that temperatures were on the whole 
decidedly above average. February temperatures are one of the items 
(though by no means the most important one) that have shown some corre¬ 
lation with the amount of rainfall in the subsequent monsoon, and in this 
case point to monsoonal rainfall being above rather than below average. 

Wind vekK'ities were about normal. Figures for amount of cloud were 
on the whole below average, while those for duration of sunshine were 
decidedly above. Thus at Colombo and Batticaloa the mean numbers of 
hours of bright sunshine were 9*9 and 9*7 respectively, which in both cases 
were more than an hour per day above the average. 

A. J. BAMFORD, 
Supdt,, Observatory, 

NOTE ON METEOROLOGICAL REPORT 

The table in this month's Meteorological Report includes several new features. The 
most obvious is that instead of giving only (he mean temperature of the air and its 
departure from average, the mean daily maximum and mean daily minimum art' now 
shown separately. The minimum temperature on the surface of the ground is usually a 
little lielow the minimum air temperature, which is taken at a height of about four feet 
above the eurface. 





An important Innovation that may require some explanation is in the humidity. The 
relative humidity is usually indicated by expressing the amount of water vapour actually 
present in the air as a percentage of the amount that would give saturation under the other 
conditions that exist at the time. The method of measuring the humidity is by comparing 
the temperature of an ordinary dry thermometer with that of one whose bulb is artificially 
wetted. A low humidity corresponds to a dry atmosphere, in which evaporation takes 
place rapidly from the wet thermometer, which consequently records a temperature 
considerably below that of the ordinary dry one. In Ceylon the humidity is usually very 
much greater at night than by day, and a single mean value is thus an inadequate 
description of conditions through the 24 hours. In future two columns will be devoted to 
this item. The first shows the mean of the values at 9-80 a.m. and 3-30 p.m. and gives 
a fair idea of the conditions by day. The second gives the value as determined from the 
minimum dry and minimum wet thermometers. It ts obvious that this determination 
will not be perfectly correeft, unless the two thermometers reach their minimum values 
simultaneously. This condition is not always fulfilled, and hence the night values 'are 
not so precise as those taken by day. However, the very considerable difference between 
day and night conditions, and the fact that the humidity does not vary very much through 
the night, makes it desirable to give a separate estimate of the latter, even though it is 
admittedly only an approximate one. 

In the column dealing with Cloud, the amount of clouded sky is given on the scale 
0-10 where 0 denotes gn absolutely clear sky and 10 a completely overcast one. 

No change has been made in the columns giving the amount and frequency of rain, 
and the variation of the former from average. 

The columns reporting wind will in future he omitted to make room for the now 
columns referred to above, but reference to abnormalities in the distribution of wind wdll 
be made in the letter press below. 

Reference to the 'number of hours of bright sunshine at a few stations will also be 
made in future, either as figures in a column of the table, or in the letter press beneath. 









THIRD IMPERIAL ENTOMOLOGICAL 
CONFERENCE 


-He- 

The above Conference will be held in London in June 1930. 
It will open on June 17 and will probably be held in the new 
Council Room of the Entomological Society of London at 41, 
Queen’s Gate, South Kensington. In addition to the opening 
and closing days of the Conference which will be devoted to 
general business, it is propo.sed to set aside four days for the dis¬ 
cussion of scientific papers and a day for a visit to the parasite 
laboratory of the Imperial Bureau of Entomology at Farnham 
Royal. Other visits may be arranged, and it is probable that 
the Conference will continue until June 27. 

It has been decided that the papers to be read at the Con¬ 
ference shouJd be confined to questions of general application and 
the following subjects have been selected: locusts, biological con¬ 
trol of insects, control of weeds by insects, quarantine measures, 
fumigation methods, entomological work among backward races, 
tse-tse fly control, pests of forest trees, pests of cereals, organisa¬ 
tion of entomological departments and control of insects by 
cultural methods. 

No invitations will be issued to non-official bodies or private 
individuals, but the attendance of vi'sitors at the public sessions 
of the Conf^ence will be welcomed. Those who wish to attend 
should communicate their names and addresses in England to 
the Director of Agriculture, Peradeniya, before May 7. 
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THE SECOND IMPERIAL MYCOLOGICAL 
CONFERENCE 1929 


A r the Conference of Mycologists of the British Empire 
held in London in September, 1929, a number of items 
of interest to agriculturists in Ceylon was discussed 
and resolutions were adopted which may have far- 
reaching results. One of the subjects discussetl was the question 
of the relative im|)ortance of the various fungi concerned in the 
cau.sation of root disease of economic crops in tropical and sub¬ 
tropical regions, a subject whidh has achieved some f)rominence 
in Ceylon witihin recent years. The report of the discussion, 
which is reprinted in this number, indicates the opinions of 
Empire mycologists who have come into direct contact with the 
problem. Two points arise from the discussion: first, that the 
general consensus of opinion indicates that Rhizoctonia hataticola 
under certain conditions, parti'cularly under conditions which are 
unfavourable to the normal growth of the host plant, may prove 
parasitic on tihe roots of economic crop plants, and second, that 
the majority of the speakers indicated their conviction that cer¬ 
tain other fungi, of which Fames lignosus and Rosellinia arcuata 
are well-known in this colony, are parasitic. The ventilation of 
opinions in this manner has brought us considerably nearer an 
understanding of the problem and it is apparent that, while fur¬ 
ther work is necessary completely to elucidate the problem, 
differences of thought and opinion which were more apparent 
than real have been to a great extent overcome. 

Of the other subjects discussed at the Conference several 
dealt directly or indirectly with plant protection services within 
the Empire, particularly in connection with quarantine stations, 
import regulations and other measures to protect the plants in 
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one country from diseases which may be introduced from another 
country. It is of vital importance that attempts should be made 
to minimise the risk of importing dangerous diseases. In 
Ceylon, for instance, legislation has already been introduced 
which prohibits the importation of tea seed from India in order 
to prevent the introduction of blister blight of tea from Assam 
and in the same way measures are in force with a view to 
preventing the introduction into Ceylon of the destructive South 
American leaf disease of Hevea. It is not possible, however, to 
extend stringent regulations of this nature very far without 
hampering agriculture and resolutions were passed at the Con¬ 
ference which, if carried into effect, will tend to overcome the 
disadvantages of total exclusion, while at the same time minimis¬ 
ing the risk of Importation of serious diseases.- The Conference 
recommended the establishment of quarantine stations where 
imported stock might be grown under the supervision of the 
agricultural authority prior to distribution for propagation. 
Another resolution particularly applicable to Ceylon drew atten¬ 
tion to the desirability of an investigation of the possibility of 
treating bud-wood of rubber before import in order to prevent 
tihe introduction of disease. This matter has already received 
some attention in Ceylon and experiments are being carried out 
by the Rubber Research Scheme to find an easy and effective 
treatment of Hevea bud-wood and budded stumps. Re.sults 
obtained so far ai'e distinctly encouraging. Again, in this con¬ 
nection, the need for care in the handling of dangerous specimens 
in laboratofies was emphasized .and certain preventive measures 
recommended. The Conference also interested it.self largely in 
the difficulties encountered i'n the administration of plant protec¬ 
tion regulations and endeavoured to formulate a scheme to 
standardise the form of inspection and of certification of plants 
for export. 
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MYCOLOGJCAL NOTES (22) 

MATTERS OF PHYTOPATHOLOGICAL 
INTEREST DURING 1929 

MALCOLM PARK, A.R.C.S., 

ACTING MYCOLOGIST, 

DEPARTMENT OF AGRICULTURE, CEYLON 

1. Plantain Diseases. (a) Bunchy Top ^Disease .—1 he 
position in regard to bunchy top disease in Ceylon has been 
cleared uj) by experiments carried out during 1920 in conjunction 
with the Covernnient Kntomologis’t. In 1927, Magee, working 
in Queensland, demonstrated that bunchy top disease can be 
transmitted from diseased to healthy plants by the banana aplhis, 
Pentalonia nigronervo.sa. Fhe experiments referred -to above 
have shown conclusively that bunchy top disease can be trans¬ 
mitted similarly in C'eylon. Full details of the experiments will 
be publisihed later but in the meantime it may he said that suckers 
used for the experiments w'ere obtained from an area in Ceylon 
in which the disease does not occur and that, by soil sterilisation, 
it was found possible to eliminate the complication of root 
disease. Roots of the plants used were examined at the 
beginning and at the end of the experiments and neitheT eelworrns 
nor Rhizoctonia bataticola was found. There still remains, how¬ 
ever, the possil>ility that bunchy top symptoms or symptoms 
which might easily be confused with those of bunchy toj) may be 
a manifestation of root disease anil further ex{)eriments are neces- 
.sary to elucidate this question. 

The first .symptom of the disease is the appearance of 
irregular, nodular, dark-green streaks about 0-75 mm. w'ide along 
the .secondary veins on the underside of the lower portion of the 
leaf blade, along the leaf stalk or along the lower portion of the 
midrib. Inspection of an infected plant, preferably of one in 
which the first developed leaves were normal, will demon.strate 
this streaking. Leaves produced after the streaking appears 
display the well-known .symptoms of bunching which need not 
be described here. 

In order to control bunchy top disease it is necessary to 
destroy either the ap^hids or the sources from which the di.sease 
is transmitted to healthy plants. The aphids live commonly 
between the leaf sheaths and normal methods of control, e.g., 
by spraying, are unsatisfactory. The simplest method of con¬ 
trolling the disease is to remove as early as possible the affected 
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plants which serve as centres of infection for neighbouring 
healthy stools. Plants infected with bunchy top disease either 
produce no fruit or, as sometimes occurs when plants become 
infected at a late stage, may produce bunches which are abnormal 
and of little value. It is obvious therefore that the early removal 
of infected plants will entai'l no loss of crop. Periodical inspec¬ 
tion of plantain areas and the eradication of stools containing 
plants showing symptoms of bunchy top disease will reduce 
greatly the incidence of the disease. Immediate destruction by 
fire is the most satisfactory method of disposal of infected plants 
but this is not always practicable and tihe complete burial of 
infected plants liberally sprinkled with lime is suggested as an 
alternative method. 

From information recently received from the Director of 
Fruit Culture, Brisbane, it wpuld appear that the only means by 
which the disease can be eradicated completely are the destruc¬ 
tion of all plantaih material and the total cessation of plantain 
growing in areas in which the disease occurs for a long period 
(eighteen months is .suggested)'. This would appear to be some¬ 
what drastic and it is suggested that rigorous treatment on Che 
lines indicated above would lead to a control sufficiently efficient 
for practical purposes in Ceylon. 

(b) Anthracnose of Immature Fruits .—In wet weather plan¬ 
tain bunches are'often affected by a disease which makes its 
appearance soon after the fruit has set. The extent of the infec¬ 
tion varies under different concliti'ons but the accompanying illus¬ 
tration shows a typical diseased bunch. Infection is usually 
found to take place in the young ‘finger’ from the distal end 
possibly starting through the flower. The infected finger begins 
to turn black and .shrivel from the distal end and as infection 
progresses the whole finger turns black and shrivels. The 
attack may affect the whole bunch but is found more commonly 
to be restricted to one or two ‘hands’ only. 

'Die disease is caused by the fungus Gloeosporium 
(Glomerella) Musarum and spore-masses or acervuli of the 
fungus can be seen on the small shrivelled fruits. They are 
moist and bright pink when fresh, turnifig into a dull light pink 
after some time. 

In India the disease has been controlled satisfactorily by 
spraying. At the beginning of the wet season developing fruits 
were sprayed with Burgundy mixture and the spraying was 
repeated once a month until bunches were picked* There 
appears to be no reason why Bordeaux mixture or a lime-sulphqr 
spray should not be used with equal success. In addition to 
spraying, other precautions are necessary for checking the 
disease. When all the ‘hands’ &re opened, the fruit stalk should 
be cut off as far back as the last ‘hand,’ in ordier not to have any 
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Anthracnose of plantains. 
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part of the fruit stalk on which the fungus may live saprophytical- 
1y. All diseased fruits should be removed and burned imme¬ 
diately they are seen. Attempts should also be made to improve 
general sanitation by the removal and destruction of plant debris. 

2. Diseases of Cover Crops : (a) Mildew of Centrosema 
pubescens. —^A mildew of Centrosema pubescens caused by 
Oidium sp. was collected at Peradeniya. The morphological 
characters of the fungtis were similar to thoso of Oidium Hevese 
and it is possible that the pathogens are identical. Since the 
perfect stage of Oidium has never been found in Ceylon it is 
extremely difficult to ascertain definitely the relationships 
between the various species and this difficulty is enchanced by 
failure of artificial inoculations to reproduce the .clisease. It is 
unlikely that the presence of the mildew on tihe cover crop, even 
if it were identical with that which caused a disease of the rubber 
under which it was grown, would affect materially the incidence 
of the disease on the rubber. On the other hnad, tihe presence 
of the mildew on the rubber, in the same circumstances, might 
affect the growth of the cover crop by offering an extensive source 
of infection. 

(b) Dodder on Vigna. —The appearance of dodder 
{Cuscuta chinensis) on Vigna is worthy of mention. In a new 
rubber clearing in which there was a thick growth of Vigna, 
dodder was seen to have spread from Mikania scandens on the 
boundary and to be parasitizing the Vigna. Microscopical 
examination i'n the laboratory demonstrated that the parasite had 
penetrated tihe stems of the cover crops and was absorbing food 
therefrom in the usual manner, by means of haustoria. The 
effect of the parasite on the cover crop was not very marked, the 
level of attacked plants being .somewhat below that of tihe 
surrounding healthy plants but of the normal green colour. An 
example of a typical affected area is shown in the accompanying 
illustration. 

Although the damage caused by dodder on Vigna did not 
appear to be very great in the instance cited, it would be inadvis¬ 
able to leave it untouched and if affected plants are collected and 
burned as soon as the parasite is observed control should be 
simple. 

(c) Rhizoctonia (Corticium) Solani. —^On most rubber 
estates on which Vigna {Dolichos Hosei) i's grown as a cover 
crop the disease caused by Rhizoctonia (Corticium) Solani is of 
common occurrence. The appearance of the disease in more or 
less circular patches which increase in size is well known and 
needs no descri'ption. The disease is seasonal, the fungous 
being active only during wet weather when conditions are favour¬ 
able for its growth, while its activity ceases with the advent of 
dry weather. After a spell of dry weather new growth of Vigna 
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sometitnes takes place witihin diseased patches, but with the 
advent of wet conditions the sclerotia of the fungus germinate 
and this new growth is in turn attacked and killed. The 
inactivity of the fvmgus during dry weather sometimes leads to 
lack of appreciation of the importance of the disease, whi'ch 
should be treated as soon as possible after it appears. All 
diseased Vigna, together with a belt of three feet of apparently 
healthy plants from the periphery of the patch, should be burned 
together within the patch. 

In this connection the occurrence of a disease of young bud 
shoots of Hevea is not without interest. Vigna was used to 
protect younof bud-shoots from the sun. When the shoots had 
grown to a height of about one foot some of them died back. 
Examination slhowed that they had been attacked and killed 
at the ba.se of the shoot just above the bud patch by Rhizoctonia 
Solani. It would appear that the fungus had spread from the 
Vigna, althougf) the latter had not shown signs of disease when 
used. 

Dunbaria Heynei, an indigenous legume which is being used 
with success as a cover crop in some areas, has been found to be 
attacked by Rhizocionia Solani. The effect of the disease is 
similar to that on Vigna and similar control measures are 
advocated. 

3. Vermicularia Capsid Syd. —A serious disease of chillies 
may occur Jf wet weather conditions set in after the fruit has 
set. The disease is known as kaludanda rogaya (black stem 
disease) by the Sinhalese cultivators and the name describes the 
symptoms. Infection may occur in the flowers or young fruits 
and extend backwards into the stem. The whole branch and 
finally the whole plant may become withered and diseased. The 
fungus which causes the disease is Vermicularia Capsid and the 
fructifications, which are minute black spore-masses or 
sporodochia, are borne copiously on diseased fruits and stems. 
Inoculations carried out with pure cultures of the fungpjs have 
proved that the fungus is capable of causing the disease. 

In India the disease has been controlled by spraying with 
Bordeaux mixture. A single spraying has been shown to carry 
the crop through tihe critical period of a few weeks when rapid 
spread of the disease takes place. 

4. Mosaic Disease of Tobacco. —The name mosaic disease 
is given to a disease of tobacco found apparently in every tobacco- 
gtowing country in the world knd is derived from the mosaic-like, 
mottling of diseased leaves. The disease occurs in Ceylon in 
,the tobacco-growing districts in the North-Western, the Western 
and the Soutihern Provinces and, less commonly, in the Jaffna 
Peninsula. 
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The most characteristic symptom is a patch-work appear¬ 
ance of lighter and darker green areas on the leaf. The liglhter 
areas lie between the lateral veins of the leaf, seldom reaching 
up to the latter. The darker areas may be of the normal green 
or of a darker green than the normal and are thicker than normal. 
The growth of tihe leaves is irregular, that of the lighter areas 
being relatively greater than that of the darker, with the result 
that the light areas are often bulged on the upper surface and 
hollow below, giving a crinkled appearance. The disease i's 
most obvious in the younger leaves which are often dA^arfed and 
considerably crinkled. 

The cause of the disease is obscure and has been 
the subject of extensive investigations in the ♦ United States 
and elsewhere. It falls into that class of diseases known 
as virus diseases in which the causal agent does not fall into 
the category of any known form of life but, at the same time, 
has characteristics similar to those of other organisms. A 
minute drop of the sap expressed from a diseased plant when 
inoculated into a healthy plant causes the disease. This trans¬ 
ference of contagious sap may take place under field conditions 
through the agency of man or insects. It has been shown that 
the mere rubbing of sap from an infected plant into a healthy 
leaf can cause the disease. 

The prevention of the disease would appear to be impossible. 
In areas in which the disease occurs attempts sihould be made to 
reduce its conveyance. Seed from healthy plants cyily should 
be used. In operations such as topping, plants sihowing signs 
of the disease should not be topped at the same time as healthy 
plants. It has been shown in America that thorough washing 
of the hands after handling infected plants will prevent the spread 
of the disease by the hands. In transplanting, seedlings dis¬ 
playing symptoms of the disease should not be used. All plant 
debris which might prove to be a starting place for infection 
should be cleared away before planting. 

Other solanaceous plants such as potatoes, tomatoes and 
chillies as well as wild plants of the same family are capable of 
spreading the disease. 

5. Citrus Canker. —Citrus canker (Pseudomonas Citri) is 
a very troublesome disease of all citrus trees at low and medium 
elevations. It produces yellow brown corky excrescences on 
leaves and green stems which may develop into canker^ and 
cause some defoliation. Infection is found commonly to follow 
attack by the leaf-mining caterpillar, Phyllocwistis citreUa. 
Satisfactory control of this disease and of mildew (Oidium 
tingitaninum) has been obtained by spraying weekly with a 3 per 
cent, solution of Sulfinette, a proprietary lime-sulphur spraying 
fluid. 



200 


A SOIL EROSION INVESTIGATION 


A. W. R. JOACHIM, B.SC., A.I.C., 
AGRICULTURAL CHEMIST, 
DEPARTMENT OF AGRICULTURE, CEYLON, 

AND 

D. G. PANDITTESEKERE, DIP. AGR. (POONa), 
ASST, IN AGRICULTURAL CHEMISTRY 


A t the request of the Committee on Soil Erosion an 
investigation of a preliminary nature to determine the 
amounts of silt carried in the water of a Ceylon river 
at different seasons of the year was begun in August, 
1929. The site chosen for the investigation was that part of 
the Mahaweli Ganga at (-rangoriiwa between the Experiment 
Station and the Royal Botanic (iardens, Peradeniya, where the 
river takes a bend. This site was chosen because of the facilities 
it afforded for the taking of samples, a boat and a ferry and 
labour being available at all times. 

The bfeadth of the river at this point varied con.si'derably 
during the peri'od of the investigation, the range of variation being 
from about 200 to 300 feet. The depth of the river also varied 
at different periods and at different points of its cross-section 
from 2 to 20 feet, and to considerably greater depths during times 
of flood. The average depth during a year over the whole 
breadth of the river at this point may he considered to be about 
4 feet. On the few occasions that depth soundings were taken, 
a plumb-line was used for the purpose. 

It was originally intended to obtain samples of the water 
at the lower depths by a modification of the sampling apparatus 
used by Prof. W. N. Rae of the University College, Colombo, in 
his investigation on Colombo lake and harbour water, but owing 
to the great difficulty of keeping the boat steady while sampling, 
only surface and two feet depth samples were made and these 
by hand. The opportunity is taken to thank Prof. Rae for hfe 
valuable assistance in tihis matter. If any further investigations 
are to be carried out on this subject, the modified Rae method 
of sampling at lower depths will be adopted. 
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For the determination of the velocity of the water it was 
proposed to use a current meter, but again, owing to the diffi¬ 
culty of keeping the boat steady and as the velocity registered by 
the meter was reported to be very apt to exaggerate the true 
velocity of the stream, these determinations were made by means 
of a float. The velocities varied from 1 to 3 feet per second, 
with an average of about 2-5 feet per secoijd. This velocity 
range may appear somewhat low, but as determinations could 
not be conveniently made at times of flood, it may be considered 
fairly representative. 

In the table below are shown the results of the total solid 
determinations on tlhe surface and two feet depth samples res¬ 
pectively, the surface velocity measurements, and the rainfall 
in the catchment areas on the two days prior to sampling and 
on the date of sampling. For these rainfall figures thanks are 
due to the Superintendent of the Colombo Observatory. 
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An examination of the table will show that the amounts of 
silt vary from 57*8 or nearly 60 to 370 parts per million of water 
by weight up to a depth of two feet. This works out at from 
•6 to 3’7 lb. of silt in 1000 gallons of water. The data obtained 
clearly indicate that there is a close parallelism between the rain¬ 
fall in the catchment area up-country a day or two pri'or to 
sampling, and the amount of silt in the river water at Gangoruwa 
at the date of sampling. In other words, the*greater the rainfall 
in this area, the greater is the amount of soil erosion and hence 
the larger the quantities of silt found in the river watel. It will 
also be noted that the amounts of silt vary appreciably at 
tlifferent points of the cross-section of the river, as also do the 
velocities. As is to be expected, the amount'^ of silt in the 
water increase with depth. It has also been observed that, 
owing to the comparatively low vejocity of the river at this point 
except after periods of continuous steady rain, the amount of silt 
in the water falls to a comparatively low levef a day or two 
after the cessation of the rains. 

The velocity of the water varies from 1 5 to 3’6 feet per 
second, with an average of about 2 5 feet per second. The 
depth of the river at the periods of .sampling varied from 1 ft. 6 in. 
to 11 ft. 6 in. Reckoning on an average velocity of 2'5 per 
second, an average depth of 4 feet and a brqadth of 250 feet at 
this point of the river, the average amount of water flowing at 
this point will be 2,500 c. ft. per second or over 15,000 gallons 
per second and the amount of silt carried in the water at this 
point of the river will therefore vary from 9 4 to 58 lb. per 
second or from about 130,000 to 820,000 tons per annum. 
These figures, it will be understood, will vary considerably each 
year for the different rivers at different periods of the year, and 
for the same river at different points in its course, but they give 
an idea as to the vast amounts of valuable silt that may be lost 
by erosion from the soils of the hill country of Ceylon. 

In order to obtain a rough e.stimate of the amounts of silt 
actually lost from Ceylon soils, it will be necessary to carry out 
an investigation such as this over the entire period of at least 
one year at the mouth of each of the rivers of the island which 
have their sources in the wet hilly districts. An investigation 
such as this could include in its scope the determination of the 
amounts of plant fertilising constituents contained in the water 
and in the suspended matter of Ceylon rivers. Such an investi¬ 
gation will repay any labour, time and money spent on it, as it 
would be possible by this means to ascertain whether the 
universal adoption of the measures recommended for the preven¬ 
tion of soil erosion is achieving tihe object aimed at, viz., the 
prevention of the washing away of valuable soil constituents 
from thfe country into the sea. 
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TAPPING TO DEATH: A WARNING 


T. H. HOLLAND, DIP. AGRIC. (WYE). 


MANAGER, EXPERIMENT STATION, PERADENIYA 


T he questioo of the rejuvenation of old rubber is now 
engaging the serious attention of some Ceylon 
estates. Before cutting out tlhe old rubber prepara¬ 
tory to replanting with superior material the estate 
naturally wishes to obtain the maximum yield in the time 
available. , 

An experiment in the rejuvenation of old rubber was laid 
down on the Experiment Station, Peradeniya in 1929, and was 
fully described in the progress report of the station for September 
and October, 1929, which was published i’n The Tropical Agri- 
cuUurist of December of that year. The area used in the experi¬ 
ment is divided into four plots. In the first three plots the trees 
are tapped daily to the wood on two cuts on the half circum¬ 
ference one above the other. The only difference is id the bark 
consumption; in plot 1 the bark consurnption is arranged to allow 
all the available bark to be used up in one year, in plot 2 in two 
years, and in plot 3 in three years. In plot 4 the bark consump¬ 
tion is arranged for the bark to be used up in four years, but in 
this plot tapping is done daily m alternate months and with 
close tapping, but not to the wood. Such a system has been 
shown by another experiment to produce approximately the same 
yield as continuous alternate day tapping, but is probably rather 
more conducive to brown bast. 

It soon became apparent that a number of cuts in plots 1, 2 
and 3 were going dry. When this occurred a fresih cut (not quite 
to the wood to avoid ringing the tree) was made on the other 
side of the tree. The experidient started on September 1st, 
1929, and four months later the position was as follows: 

Percentage of cuts gone dry 
Plot 1 ... 23-6 

Plot 2 ... ... 20 0 

Plot 3 ... ... 23-2 

Plot 4 ... ... 1-2 


Out of a total of 159 cuts gone dry, 71 were upper cuts and 
88 lower cuts. This fact appears to counter the suggestion that 
the upper cuts have gone dry because of the severing of 
communications by the lower cut. Doubts have also been cast 
on the actual {presence of brown bast in these cuts. This point 
seems immaterial. If the cuts are dry they are useless, whatever 
the cause. 
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For the first four months of the experiment the yields per 
tree have been as follows: 



lb. 

oz. 

Plot 1 

6 

14 

Plot 2 

7 

4 

Plot 3 

7 

11 

Plot 4 

6 

5 


In plot 4 the cuts receive only half the number of tappings 
that those in plots 1, 2 and 3 receive, but only one cut has 
gone dry and the yield per tree is very little below that of the 
otiher three plots. 

It is neces.sary to consider the two other factors involved, 
besides that of frequency of tapping, viz., bark consumption, and 
whether the trees are tapped to the wood or not. There appears 
to be little evidence to show Chafthe difference in the amount of 
bark consumed in plots 1, 2 and 3 has affectecj either the {)er- 
centage of cuts that have gone dry or the yield. 

As regards tapping to the wood there is other evidence on 
the Experiment Station. A hundred trees in another block 
were tapped to the wood on alternate days for a period of one 
year. The average yield of the trees showed an increase of 
approximately 25 per cent, over the average of the three pre¬ 
vious years and the brown bast incidence was negligible. It 
would therefore appear that tapping to the wood does not of 
itself cause brown bast. 

In anotiher experiment carried out on the statfon two cuts 
one on each side of the tree were tapped daily, not to the wood. 
In this case the incidence of brown bast (or drying up of cuts) 
was as heavy as in the present instance. This tends to show 
that the fact of the two cuts being one above the other does not 
materially affect the issue. The cause then of this rapid and 
serious arying up of cuts can only be ascribed to daily tapping, 
and this brief note is written as a warning to tho.se undertaking 
similar work. There is every likelihood that the yields of plots 
1, 2 and 3 will progressively decline as more and more cuts go 
dry while there is no reason to suppose that the yield of plot 4 
will not be maintained. 

It is doubtful therefore if daily tapf)ing can be economi'cally 
employed in tapping to death except for a very short period. 
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PHAIUS WALLiCHlI UNDL. 
K. J. ALEX SYLVA, F.R.H.S.. 


ASSISTANT CURATOR, 
HENERATGODA BOTANIC GARDENS 


T he specimen of Phaius WalUckii represented in the 
accompanying photograph is one of the few terrestrial 
orchids that decorate our hill country pastures and 
forests. 

Owing to its easy culture, pretty foliage and lasting flowers 
it occupies a well-merited and prominent place either in a room 
or verandah as a decorative plant. Phaius WalUchn is i'ndigenous 
to Ceylon, India, Burma and Malaya and has become a favourite 
pot plant owing to its striking appearance and its large 
lanceolate leaves of 2 to 3 ft. .long. The flowers are borne on 
a long scape which arises from the side of the pseudo-bulbs. 
The flowers are* 3 to 4 inches crosswise and they last for over six 
weeks. The sepals and petals are lance-shaped and of a creamy 
white colour on tihe outside and orange-yellow flushed with 
reddish-purple on the inner side. The lip is white and more or 
less suffu.sed with pink except in the throat where it is of a 
brownish-purple. It is pointed at the apex and has a crisp 
margin. 

The flowers appear twice a year and last for over six weeks. 
The period of flowering varies at different altitudes. 

Culture .—The propagation bf the plant is easily effected by 
the division of the rootstock or p.seudo-bulbs. The stem and 
flower stalks of the plant may be employed for the same purpose 
in the form of cuttings 3 to 4 inches long, each containing at 
least two nodes or joints. Plants raised by the latter process 
take a longer period to come into bloom than plants grown from 
the p.seudo-bulbs. The pseudo-bulb, with or without a lead, 
when used for planting should be cleaned of all dead roots and 
other decayed parts and placed about a couple of i'nches below 
the surface in a compost of equal parts of loam, leaf-mould, bits 
of charcoal, well-decomposed cow manure and coarse sand. 
The cuttings need a soil rich in humus and of a porous nature to 
enable them to strike. River sand and leaf-mould are useful 
for tihe purpose. In both cases, the pots in which the plants 
are to be grown should have good drainage and should be cleaned 
well. After potting the plants should be kept in shade under 
a tree for a few days and watered sparingly till the plants show 
new growth. The plants will need liberal watering both morn¬ 
ing and afternoon during active growth and care should be 
taken not to wet the new .shoots. During active growth, the 
plants prefer a warm humid atmosphere and in this state they 
will come into bloom in about six months. 



Pluliiis Wallichii Lindl. 
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CONTRIBUTIONS FROM THE RUBBER 
RESEARCH SCHEME, CEYLON 

THE REPLANTING AND REJUVENATION 
OF OLD RUBBER AREAS 

R. A. TAYLOR, B. SC.. 

PHYSIOLOGICAL BOTANIST, 

RUBBER RESEARCH SCHEME, (CEYLON ) 

The outlook in brief .—The low market prices for crude 
rubber prevailing recently have shown unmistakeably to all that 
a nunjber of our present estates will, in all probability, within 
the next decade be unable to compete with the younger proper¬ 
ties which have been planted up with selected high-yielding 
material. The coming into bearing of these modern plantations 
will render available quantities of rubber at a price which will 
encourage its use in many ways at present .scarcely contemplated 
or, at most, only experimented with. Road-making may be a 
case in point. It is improbable that the price of the raw material 
will be stabilized at any very low figure but, it seems .safe to 
say that the opening up of high-yielding areas will very con¬ 
siderably reduce the average price of the commodity. Large 
dividends may continue to be paid, but they will be the perquisite 
of high-yielding e.state.s with the resultant low cost of production. 
Should such a situation eventuate, our poorer estates will be 
faced with the choice of replanting or abandoning. 

The intention of the writer is not to suggest that every 
estate should start replanting now but to point out some ways in 
which preparations can be made against the time when such 
action may become necessary, and naturally the.se remarks are 
intended principally for low-yielding properties with no jungle 
reserve. 

The need for carefully thought-out experiment .—Judging 
from enquiries received and by the number of estates which are 
starting to replant small areas, the question is receiving due con¬ 
sideration in certain quarters. A number of so-called experi 
ments on replanting are being started now but unfortunately 
with little thought to the economics of the operation. Only in 
a few instances, for example, has any attempt been made to 
realise any of the capital invested in the old trees. In the 
writer’s opinion, the cutting out of these trees without first 
" bleeding them white ” amounts to a breach of trust. Their 
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removal and replacement by high-yielding strains presents no 
real difficulty, and this part of the operation resembles to a large 
extent the opening of a new clearing. Where experiment is 
really required is in the method of overtapping to be adopted 
so that the maximum yield can be obtained from the old trees 
before removal. The actual costs of the operation as a whole 
cannot be properly estimated unless this is known. Any future 
programme drawn' up will be based on the experience gained 
and the expenses incurred during these trials. 

Further, most of the estates which are starting their experi¬ 
ments have no proved bud-wood growing on their properties. 
One or two years’ heavy tapping before removal would allow 
time for the multiplication of tihe bud-wood required and the 
budding of the young plants to be put out, thus effecting a con¬ 
siderable .saving on original outlay on planting material. 

Replanting or rejuvenation .—Some di.stinction should be 
drawn between these two terms. The complete removal of all 
trees and subsequent replacement should be termed replanting, 
whereas rejuvenation of an area can be taken to mean the 
removal and replacement of all poor or medium trees, and the 
retention of the best. 

Rejuvenation may prove preferable in certain cases but it is 
considered inadvisable to leave more than 10 per cent, of the 
previous stand and no tree yielding less than 10 lb. of dry rubber 
per annurfi. The retention of* a larger percentage introduces 
competition between the old and young trees for light and ground 
space and may well lead to disappointment. 

The present note is written on the assumption that replant¬ 
ing is the better method for the areas likely to be treated in the 
near future, and no trees other than exceptional yielders or 
mother-trees will be left. 

Overtapping prior to removal of old trees .—On most estates 
there is sufficient bark of tappable thickness to permit of the 
tapping of a cut on both sides of the trees (on alternate days) for 
a period of at least two if not three years. This tapping of both 
cuts to the normal depth will produce at least one and a half times 
as much latex as tihe tapping of one cut. Thus in three years a 
yield equal to that normally obtained in four and a half years is 
obtained. If, during this tapping, the bottom nine inches or so of 
the trunk is avoided, there will remain bark sufficient for one 
year’s heavy tapping on the highest-yielding portion of .fhe tree. 
Thus the fourth year, that is the year before removal of the trees, 
should yield a much increased crop, and, if thick shavings are 
taken and subsidiary cuts put in, wherever there is bark within 



209 


reach, the yield of the fourth year can be expected to be equal to 
two and a half times tihe previous yield of the area. In four years, 
therefore, extra crop equivalent to the return from three normal 
years’ tapping can be obtained, the extra revenue from which 
will considerably reduce the cost of the operation or, alternative¬ 
ly, go a certain way to compensate for loss of crop during the 
period when the young rubber is reaching maturity. 

It is not suggested that the above scheme will prove the 
best but it would appear to be a suitable starting point for experi¬ 
ment. It may be necessary in some cases to reduce the period 
of ov’ertapping to a total of three or even two y^ars. 

Table 1 gives the tapping arrangements and table 2 the 
ex[)ectation of crop over the period of overtapping. In these 
tables it is assumed that an area is being replanted on a ten-year 
basis, one-tenth of the area being cleared each year. The unit 
of yield represents the yield which would he obtained from that 
area under normal tapping conditions. 

Table 1 
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Table 2 


Plots 

1 

2 

3 

D 

5 

□ 

7 

CD 

10 

1930 

... 1-5 

1 

1 

1 

1 

1 

1 

1 1 

1 

1931 

.. 1-5 

1-5 

1 

1 

1 

1 

1 

1 1 

1 

1932 

1-5 

1-5 

1-5 

1 

1 

1 

1 

1 1 

1 

1933 

... 2-5 

1-5 

1-5 

1-5 

1 

1 

1 

1 1 

1 

1934 ' 

. . . 

2 5 

15 

1-5 

1-5 

1 

1 

1 1 

1 

1935 

. . . 


2-5 

1-5 

1-5 

1-5 

1 

1 1 

1 
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• • • 
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1-5 
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1 
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... * 
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. • . 
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1-5 

1942 
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The removal of the trees .—^This should be thorough, but, in 
the opinion of the writer, not more than Rs. 200 per acre need 
be spent on this item unless it is known that root disease is 
prevalent. Mention has been made of Rs. 450 per acre as being 
the minimum cost of efficient clearing but it seems inconceivable 
that the rigk of Pomes infection warrants the expenditure of the 
extra Rs. 250 or, alternatively, 'it is scarcely within the bounds 
of possibility that necessary control measures, should Pomes 
break out, will cost an average of Rs. 250 an acre. Several 
blocks have been efficiently cleared at a cost much lower than 
Rs. 200 per acre. 

The actual method of removal will vary with conditions and 
it may be carried out by the agency of elephants or monkey 
grubbers or by hand according to which is most convenient or 
least expensive. The time of removal should be just after the 
new year's leaf has been put on. This provides a double crop 
of leaf for soil enrichment purposes. This point will be men¬ 
tioned again later. 

Disposal of the timber .—This again will depend on conditions 
and situation. Where.the block is adjacent to a road or canal 
the timber might sell on the ground at Re. 1 '00 per yard before 
being cut up, and at least that figure should be obtainable for 
firewood already cut. In some instances it may be possible to 
obtain the services of a contractor who will remove the trees and 
side roots in exchange for the firewood obtained. If there is no 
market for firewood the timber may have to be burned on 
the land. In such cases burning should be localised so that the 








soil is depleted of the remaining humus to as small an extent as 
possible. If holes or contour trenches have been cut before 
felling, the logs should be burned over these so that all ash is 
caught. 

It has been suggested elsewhere (The problem of survival 
—replanting and supplying considerations, by G. F. S. Sutton, 
India-Rubber Journal, Oct. 12, 1929) that the timber be con¬ 
verted into charcoal and stored in that form for future use in 
suction gas engines. It is there stated that, where, extensive 
replanting is being done, it would even pay to scrap existing 
power installations and put in gas engines, as this fuel is four 
and a half times as cheap as crude oil. From another source 
the suggestion emanates that the charcoal might be made into 
dust and the dust made into briquettes with low grade tapioca 
flour, in which state it will keep much longer. Such considera¬ 
tions are not in the sphere of the present writer but are included 
so that this note may be reasonably complete. 

Reopening of the land .—Except on the flattest of land it is 
considered that some form or other of contour planting should 
be adopted. Also as much of the holing, trenching or silt-pitting 
as possible should be done before the removal of tihe old trees. 
The holes, etc. can then be at least partially filled with the leaf 
from the trees. None of this leaf should be burned; it is valuable 
for the reconditioning of the soil. Two years’ leaf will be avail¬ 
able if felling is carried out just after refoliation, and a handful 
of cyanamide in each hole along with the green matter will help 
to form a useful compost. 

Where funds permit, the adoption of the Denham Till 
method of contour trenches is recommended. As this method 
of opening has been fully dealt with already in The Tropical 
Agriculturist there is little object in going into details. Con¬ 
siderable lengths of these trenches can be cut before the old trees 
are removed and they provide convenient places for the burying 
of any green material available. 

If trenching is not to be carried out contour terracing may 
be possible and in this case as many as possible of the large 
planting holes,, at least 3 ft. cube, should be cut before the 
felling. These will naturally follow the contours of the hill and 
so permit later of the cutting of the terraces, if this has not also 
been possible to a certain extent before clearing. 

Even if neither system is possible, planting should be done 
on the contour so as to permit of the subsequent planting of con¬ 
tour hedges of some leguminous plant to stop wash. The open¬ 
ing of silt-pits or the building of stone terraces is also facilitated 
by such a procedure. In certain cases it may be possible to con¬ 
vert the existing drains to the lock and step or similar system. 
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Reconditionifif; of the soil, cover crops, etc. —^The establish¬ 
ment of rover crops should be one of the first considerations. 
Seed should be put in just after the trees are removed, while the 
soil is still loose. Any Vigna torn up during felling and uproot¬ 
ing should be put in the planting holes. 

A mixture of leguminous plants should be used so that a 
heavy cover is obtained without delay. As cover plants Dolichos 
hosei (Vigna), Calopoffomum mucuncyides, Centrosema pubescens 
and Centresema plumieri can be all used together or a selection 
made. If, previously, Vigna has grown satisfactorily this may 
suffice alone. The above, however, are almost entirely ground 
covers; their chjef function is to prevent wash, and the greatest 
need of our average soil is an increase in the humus content. 
This is best brought about by growing some of the taller legumes, 
frequently distinguished as grden manures. Tephrosia Candida, 
the Crotalarias„ Indigojera arrecta, Desmodium gyroides, Clitoria 
cajanifolia can be used. They should be put in as contour belts. 
There is no reason why, for a year or two, the areas between the 
contour rows of young rubber should not resemble a dense 
“ cheddy ” growth of the taller legumes. Only in this way and 
by frequent lopping and burying of the loppings will the soil 
gradually resume its earlier fertility. There is no objection to 
growing Gliricidias or Leucana glauca here as well; besides 
providing material for burying they serve as protection from wind 
and as light shade. 

Where the contour trenches ^re employed all the material 
from the earlier prunings can be accommodated in these as it is 
usual to fill up, in the first instance, only the parts which are to 
be occupied by plants. The intervening portions provide 
excellent places for cheap burying, and the material is exactly 
where it can be made use by the extending root systems of the 
young plants. The addition of a little cyanamide, or a cyanamide- 
phosphate mixture, to the trenches at the same time as the 
green matter is buried hastens decomposition and renders the 
material more readily available. 

Wind breaks. —It is well before cutting out old rubber to 
study the direction of the monsoon winds and it may be necessary 
or advisable to leave belts of the old trees as temporary wind 
breaks. Such belts can be replaced if desired by Albizzias or 
Grevilleas but these take some time to grow, and it is in the 
earlier years that the need of shelter is felt. If Albizzias are 
not left for more than five or six years there should be little 
danger of propagation of root disease after their rernoval. The 
growing of Albizzias as permament wind breaks is not advised; 
sooner or later they must be removed and this is a costly opera¬ 
tion and attended with considerable danger to the neighbouring 
rubber trees. 



Replanting material ,—The use of proved clones of budded 
rubber is advised where a large area is being replanted. Real 
selected seed is not condemned, but this is very scarce in Ceylon, 
and is likely to remain so for some time. 

Apart, however, from proved clones bud-wood may be used 
from local high-yielders, but the use of such material must be 
considered experimental, and no large area should be planted up 
from any one tree. Fifty to one hundred plants are sufficient to 
bud from any such source. The planting up of this quantity is, 
however, strongly advised, as it is only in this way that new 
high-yielding clones will be discovered. 

It is the opinion of the writer that, whatever the material 
used for replanting, each clone should be kept separate and not 
mixed up, even systematically. The reason for this is that, in 
all probability, different clones will have to be tapped in different 
ways to give of their best. Clone A may respond well on alter¬ 
nate-day tapping. Clone B f)robably can only stand third-day 
tapping. Again, Clone C may respond best when tapped at a 
height of 5 feet in all probability necessitating the return to use 
of the old draw knife. It will be impossible to get the best out 
of all members of a mixed population by a single method of 
tapping. 

As only very small blocks are to be planted up with unproved 
material, the planting up of a mixture of clones with a view to 
future thinning out need not, it is thought, be considered. 

Bud-wood nurseries .—dlhe laying down of bud-wood nur- 
•series is fully described in a booklet entitled The budding of 
rubber which will be issued at an early date by the Rubber 
Research Schenie, and this should be consulted. It is strongly 
.advised, however, that every estate, or at least every company, 
should possess a bud-wood nursery containing material from all 
the best proved clones available. 

Supply nurseries .—The writer’s opinion is that all budding 
is best done in the nursery, with subsequent planting out while 
the buds are still in the dormant state. Budding can be carried 
out practically throughout the year in a nursery, so that material 
is available to take advantage of good planting weather. Full 
details as to laying down nurseries, etc. are given in the booklet 
mentioned in the last paragraph. 

A tentative programme .—It is assumed that the area to be 
replanted is yielding 300 lb. per acre and that by replanting a 
yield of 1000 lb. per acre can be obtained. The programme is 
spread over ten years and for reasons of simplicity it is assumed 
that 10 acres are being treated at the rate of one acre a year. 
This facilitates easy calculation for larger areas. 
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Should it be found that four years’ heavy tapping is too 
much, calculations similar to those given below can be made to 
show expectation of crop, etc. 

Time-table 

The one-acre blocks are labelled ABC.J. 


Year 

Tapping 

both 

sides 

Final 

tapping 

Cut 

out 

Bud- 

wood 

nursery 

Plant 

supply 

nursery 

Budding 

Plant 

out 

1930 ... 

A 



Plant 




1931 ... 

AB 



Bud 

For A 



1932 ... 

-• ABC 



Bud 

„ B 



1933 ... 

BCD 

A 



„ c 

For A 


1934 ... 

CDE 

B 

A, 


„ 

M B 

A 

1935 ... 

DEF 

C 

B 


„ H 

„ c 

B 

1936 ... 

• EFG 

D 

C 


„ F 

D 

C 

1937 ... 

FGH 

E 

D 



„ E 

D 

1938 ... 

GHI 

F 

E 


„ H 

„ F 

E 

1939 ... 

HIJ 

G 

F 


„ I 

„ G 

F 

1940 ... 

IJ 

H 

G 


» J 

„ H 

G 

1941 ... 

J 

1 

H 



M I 

H 

1942 ... 


J 

I 



J 

I 

1943 



J 




J 


Expectation of crop 


Plot 

A 

B 

c 

D 

E 

F 

G 

H 

1 

J 

Total 

1930 

450 

300 

300 

300 

300 

300 

300 

300 

300 

300 

3150 

1931 ... 

450 

450 

300 

300 

300 

300 

300 

300 

300 

300 

3300 

1932 ... 

450 

450 

450 

300 

300 

300 

300 

300 

300 

300 

3450 

1933 ... 

750 

450 

450 

450 

300 

300 

300 

300 

300 

300 

3900 

1934 ... 


750 

450 

450 

450 

300 

300 

300 

300 

300 

3600 

1935 ... 



750 

450 

450 

450 

300 

300 

300 

300 

3300 

1936 ... 

- 



750 

450 

450 

450 

300 

300 

300 

3300 

1937 ... 





750 

450 

450 

450 

300 

300 

2700 

1938 ... 






750 

450 

450 

450 

300 

2400 

1939 ... 







750 

450 

450 

450 

2100 

1940 ... 








750 

450 

450 

1650 

1941 ... 

700 








750 

450 

1900 

1942 ... 

850 

700 








750 

2300 

1943 ... 

1000 

850 

700 








2550 89800 

1944 ... 

1000 

1000 

850 

700 







8550 

1945 ... 

1000 

1000 

1000 

850 

700 






4550 

1946 ... 

1000 

1000 

1000 

1000 

850 

700 





5550 

1947 ... 

" 1000 

1000 

1000 

1000 

1000 

850 

700 




6550 

1948 ... 

1000 

1000 

1000 

1000 

1000 

1000 

850 

700 



7650 

1949 ... 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

850 

700 


8550 

1950 ... 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

850 

700 

9550 

1951 ... 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

850 

9850 

1052 ... 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

10000 105000 







Expectation of Crop : Analysis .—^The crop obtained from 
the 10 acres, from the start of the experiment up to the time when 
the area is again yielding an average of 300 lb. per acre (up to 
fourteenth year), is 39,300 lb. This is in place of 42,000 lb. 
which would be expected if nothing had been done. The loss 
is 2,700 lb. on 10 acres in fourteen years or an average drop of 
19’3 lb. per acre per annum. Such a drop might quite easily 
have been encountered quite apart from replanting considera¬ 
tions, owing to loss of trees from disease, etc. 

If taken over the whole period of twenty-three yearsr depicted 
in the above table, 105,000 lb. have been obtained or an average 
of 156’5 lb. per acre more than would normally have been 
expected. , 

Considering the period from the fifteenth to the twenty-third 
year 65,700 lb. are obtained instead of 27,000 lb., an average 
increase of 430 lb. per acre per annum. 

Note .—Should it be considered that the study of growth on 
replanted land is more urgent than allowed for in th? above 
scheme there is no reason why the over-tapping should not be 
arranged to allow of the replanting of the first block after two 
years. Two years is considered the minimum time in which the 
average Ceylon estate at the present time could multiply sufficient 
bud-wood and have ready budded material for the replanting. 
Alternatively, a small subsidiary block may be so tapped as to 
be ready for replanting in two years’ time. This would afford 
some information on growth and would not interfere, with the 
main experiment. 
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A DISEASE OF YOUNG BUD-SHOOTS 

CAUSED BY PHYTOPHTHORA 
PALMIVORA, BUTLER 

< ■ ' 

R. K. S. MURRAY, A.R.C.SC., 
MYCOLOGIST. 

RUBBER RESEARCH SCHEME. CEYLON 

I N the Rubber Research Scheme 3rd Quarterly Circular for 
1929 attention was drawn to a new disease of young shoots 
of bud-grafted Hevea caused by a species of Phytophthora. 
The followirig is a more comprehensive account of this 
disease and the fungus causing it. 

Symptoms and Effects .—The symptoms of the disease are best 
described from inoculations made on young green .shoots of 
nursery seedlings. In the first series of experiments twelve 
plants were selecteil and treated as follows: 

3 unwounded, inoculated. 

3 wounded, inoculated. 

3 unwounded, control. 

3 wounded, control. 

The ftioculum consisted of a' vigorous growth of the fungus 
on Quaker Oats agar medium and was applied inside a cotton 
wool bandage moistened with sterile water, about 6 inches below 
the extremity of the shoot. The control plants were treated 
similarly except that the bandages contained only the sterile 
medium. The wounds were made by removing the epidermis 
and outer cortical cells over a small area with a sterilised knife. 
The conditions could of necessity not be kept strictly sterile, and 
the bandages were sub.sequently kept moist for a few days with 
ordinary water. 

After two days the inoculated .shoots .showed blackish, 
watery-looking, vertical streaks. Six days after the inoculations 
had been made these streaks had merged into black sunken areas 
1-2 inches in length, on the surface of which sporangiophores and 
sporangia of Phytophthora could be seen with a microscope. 
The disease had progressed slightly further on the wounded than 
on the unwounded shoots, but in other respects the symptoms 
were identical. At this stage there was no sign of wilting of 
any of the shoots. .Subsequently the disease spread up and 
down the shoots and secondary fungi gained entr^ce. All the 
control shoots remained healthy. 





Plate I. 


Plate II. 
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• The progfess of the disease is probably dependent in large 
measure on the weather conditions. When , the inoculation 
experiments described above were carried out the weather was 
exceptionally dry, and after 1 month the disease, having killed 
back the shoots for a distance of about 1 foot from the tip, was 
checked, and new shoots developed below the affected parts. In 
subsequent inoculations made in wetter weather the shoots were 
quickly killed back to the extent of the most recent growth incre¬ 
ment, and in some cases the leaves had wilted after 3 or 4 days. 
In no case has the disease been ob.served to kill the entire plant, 
but it must be borne in mind that all inoculations have been made 
on seedlings about 2 years old, and that if the disease attacks a 
very young bud-shoot the latter may in a few days be killed back 
to the stock. • 

Plate 1 shows a di.seased shoot about 10 days after the 
inoculation was made. The diseased part of the stem was about 
2 inches long and darker in colour than the photograph indicates. 
Plate II shows a shoot which has been killed back for a distance 
of about 1 foot from the extremity. 

The disease has only been observed as occurring in nature 
on buddings, the attack originating a short distance below the 
extremity of the shoot. Inoculations on the tip of young shoots 
of .seedlings have, however, caused infection in every case, so 
that bud-.shoots are presumably also liable to this type of infection. 

The Causative Fuitfrus. —^I'wo fungi were isolated from th{> 
original specimen of the disease, Phytophthorc^ sp. and 
Glocosporium alhorubrum. Inoculations with a pure culture of 
the Phytophthora are described above, and since the fungus was 
recovered in pure culture from the inoculated shoots in the early 
stages of the disease and successfully re-inoculated into other 
shoots, the causation of the disease is establisheil. 

Owing to the exceptionally large size of the s{)orangia the 
fungus was at first thought to differ specifically from Phyioph- 
ihora palmivora {P. Faberi) which is the cause of various well- 
known diseases of Rubber. Cultures were .sent to Mr. Ashby of 
the Imperial Bureau of Mycology anti to Mr. Thomson of the 
Dept, of Agriculture S.S. and F.M.S., to whom the writer is 
indebted for identifying tihe fungus as P. palmivora in the rubber 
group. The sporangia are of the P. palmivora type but larger 
than for any strain previously described. 

On Quaker Oats agar the fungus produces an abundant 
aerial mycelium in 3 days. A spherical spore form, which is not 
quite .so thick-walled as the typical chlamydospore of the species, 
is produced in abundance, while sporangia are relatively scarce. 
The dintensions of the sporangia of young cultures (3-5 days old) 
on Quaker Oats agar are 73-2 x 35 7 microns (mean of 150 
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measurements) with a range of 32-106 x 20-60 microns. The 
mean ratio of length to width (L/W) is 2-05. The mean diameter 
of the circular spore form is 40*26 microns (100 measurements) 
with a range of 20-56 microns. 

When grown in mixed culture with a strain of the rubber 
group no oospores are formed, whereas when grown with a 
strain of the cacao group oogonia with amphigynous antheridia 
are freely produced^. The isolation must therefore be referred to 
Phytophthora palmivora and is a strain of the rubber group. 

Economic Importance. —^The disease has not, up to the pre¬ 
sent, proved a serious factor in retarding the development of 
young buddings in Ceylon, and has only been reported from 
three estates. *As is indicated above the progress of the disease 
is largely dependent on wet weather conditions as would be ex¬ 
pected from the zoosporangial method of reproduction of the 
fungus. The chief danger would appear to lie in an outbreak of 
the disease in a bud-wood nursery in wet weather. If the bud- 
shoots were very young they might quickly be killed back to the 
stock and a supply of valuable material might thereby be lost. 
It is unlikely that older shoots with several growth increments 
would be completely killed since inoculations have shown that 
the fungus does not readily attack or spread to the more mature 
portions of the shoots. There is the possibility, however that 
Diplodia and other secondary fungi might gain entrance to the 
diseased shoot and cause a complete die-back. 

Occurrence in Other Countries. —The disease is known in 
East and West Java but is stated to occur only when the 
atmospheric conditions are wet. The fungus causing the disease 
is apparently the same strain as that isolated in Ceylon. In 
Sumatra a severe attack of Phytophthora Faheri (=P.palmivora) 
ill bud-wood nurseries is reported by d’ Angremond (1), but it is 
not known whether this disease was caused by the same strain. 
In Malaya Weir (2) describes a disease which attacks the young 
bud-shoot at its extremity and mentions a Phytophthora as a 
possible causal agent. 

Control. —A careful watch should be kept on young bud- 
shoots of valuable material during wet weather. Any diseased 
shoot should be cut off well below the affected parts and burnt. 
Neighbouring healthy shoots should be periodically sprayed with 
Bordeaux Mixture. 

REFERENCES 

(1) d’Anqrbmond, a.— Annual Report of the Director of the General Experiment 
Station of the A.V.R.O.S, lat July, l»28.80th June, 1929. 

(2) Wbir, J, R.—a blight of young buddings. Quarterly Journal, Rubber 
Research Institue of Malaya, Vol. 1, Nos, 1 and 2, 1929. 
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PRICKING TESTS ON SOME YOUNG 
BUD-GRAFTS IN THE RUBBER RESEARCH 
SCHEME EXPERIMENT STATION 
BUD-WOOD NURSERY 

T hese tests were carried out on budded plants varying 
in age from ten to twenty months. It was tlhe inten¬ 
tion to use for this test five plants from each clone and 
this was adhered to wherever this number was avail¬ 
able. In certain ca,ses fewer were used and the order of merit 
given has been worked out from the average of each clone. 

As will be apparent from the results obtained from the three 
different methods such a test can never give more than a rough 
indication of the capabilities of a clone, but, on the other hand, 
it will be observed that in all cases certain clones compete for 
the leading places in the order of merit. 

It may be advisable to emphasise here that it would be un¬ 
wise to select material for planting schemes on the results of tlhis 
test. While some indication of prospective yield may be obtained 
no information is afforded on the behaviour of the trees under 
tapping conditions. Renewal may be poor, bark may he thin in 
the first place, the clone may be liable to brown bast, etc. 

The methods employed. —(1) This was carried out by the 
method advocated by Dr. Cramer for seedling selection. His 
special pricking knife and his system of grading were employed. 

The knife makes four identical V-cuts simultaneously on the 
stem. The cuts are about inches apart and in the present 
case were made at a uniform heigiht of three feet above the junc¬ 
tion of stock and scion. 

In grade 1—^the latex from the cuts trickled down to the 
ground. 

In grade 2—the latex trickled down more than a foot below 
the bottom cut. 

In grade 3—the latex from the individual cuts joined up but 
did not flow any distance. 

In grade 4—the bead of latex from each cut did not flow far 
enough to unite with that from the next cut 
below. 

In grade 5—four chevrons of latex only appeared on the 

stem. 



220 . 


The results from the different members of the same clone 
varied to a certain extent among themselves and certain trees 
were of grade 1 while oliiers were of grade 2, etc. The order 
of merit has been worked out from the averages. 

(2) The same instrument was used but in each case the 
length of flow of the latex was measured in inches. Order of 
merit was again worked out from the averages. 

(3) By this' method a piece of bark was removed with a 
cork-borer and the latex cauglht in a plasticine cup stuck on the 
stem. The small pieces of rubber taken from these cups the 
following day were weighed to 1/lOOch of a gram. The order 
of merit was obtained from the averages. 

The clue'to the letters is as follows ; 


W. Wagga Estate 
Kob. Kobowella Estate 
H. Heneratgoda 
Mad. Madola Estate 
D.K. Dalkeith Estate 
Mai. Malaboda Estate 
Mir. Mirishena Estate 
Yog. Yogama Estate 
Tal. Tallagalla Estate 
C. Cuilcagh Estate 
B..S. Beau Sejour Estate 
Dorset. ‘Dorset Estate 


St. G. St. George Estate 
Hun. Hunasgeriya Estate 
G. Govinna Estate 
Elad. Eladuwa Estate 
K.G. Kudaganga Estate 
Amb. .Ambatenne Estate 
D.B.K. Culloden (Diyaheria- 
kande Divn.) 

P.B. Prang Besar Estate 
(Imported) 

C.O.D. Culloden (Old Divn.) 
Kos. Ko.sgalla E.state 
* L. Lawrencewatte Estate 


Table I 


Order of merit 

1st method 2nd method 3rd method 


I W. 6278 
Kob. 41 
H. 75 
H. 445 
■ H. 249 
i H 401 
H. 140 
(Mad. 22 
H. 86 
j H. 441 
1 H. 362 
, D.K. 6315 
\ H. 82 
\H. 24 


Kob. 41 
H. 24 
Mai. 1 
H.85. 
H82 
Tal. 2 
H. 441 
H. 464 
D.K. 1 
D.K. 5316 
H. 440 
H. 86 
Elad. 4 
H. 75 


Kob. 41 
Mir. 11 
H. 24 
Mai. 1 
H 82 

D.K. 5315 
H. 86 
H. 140 
H. 445 
H. 441 
H. 75 
D.B.K. 1 
Tal. 2 
H.362 





Table l'—’(C(mtd.) 


1st method 


Order of merit 

2nd method 3rd method 


D.K. 19935 
Mai. 1 
Mad. 15 
/ Mir. 11 
Yog. 1 H. 

' Mad. 18 
I Mad. 46 
Tal. 2 
H.471 

C. 3 
Mir. 2 

i B.S. 5 
. Dorset 1 
(H. 355 
/ H. 464 
] .St. G. 45 
^ Hun. 1391 
H. 203 
Yog. 8 Y. 
Mad. 43 
G. 771 

D. K. 1 
D.K. 3513 
Elad. 4 

■ H. 440 
Ih.85 
( K.G. 5 
1 Amb. 1 
j D.H.K. 1 
I P.B. 81 
P.B. 25 

C. O.D. 3 
(Tal. 4. 

Kos. 6 
Amb. 2 
/L. 1/15 

D. B.K.2 
P.B. 8 
C.O.D. 5 

\C.O.D.4 


Mir. 11 

Mir. 2 

iD.B.K. 1 

H. 464 

P.B. 25 

H. 401 

1 W. 6278 ( 

'W. 6278 

H. 362 

Yog. 1 H. 

(H. 140 1 

Mad. 18 

iMad. 43 

H. 249 

(Hun. 1391 

G. 771 

IH. 445 

C.O.D. 5 

P.B. 8 

C. 3 

Mad. 18. 

P.B. 25 

fH.401 

H.203 

JC. 3 

[H. 440 

(D.K. 19935 

|H. 85 

(H. 203 

Mad. 46 

St. G. 45 

’H. 355 

>H.355 

1 Mad. 15 

1G. 771 

D.K. 1 

i I'al. 4 

D.K. 3513 

K.G. 5 

Dorset 1 

D.K. 3513 

B.S. 5 

Dorset 1 

H.471 . 

,H. 471 

L. 1/15 

H. 249 

D.K. 19935 

‘ D.B.K. 2 

Elad. 4 

P.B. 31 

Yog. 8Y. 

Mad. 46 

St. G. 45 

C.O.D. 5 

Hun. 1391 

( Mir. 2 

Mad. 43 

{Yog. 8 Y. 

Amb. 2 

/ Kos. 6 

Kos. 6 

B.S. 5 

K.G. 5 

Amb. 1 

Amb. 1 

,Yog. 1 H. 

fP.B. 31 

Mad. 15 

i C.O.D. 4 

/Mad. 22 

(Tal. 4 

Amb. 2 

D.B.K.2 

iC.O.D. 4 

P.B. 8 

L.1/15 

C.O.D. 8 

[C.O.D. 3 

Mad. 22 


R. A. TAYLOR. 


PHYSIOLOGICAL BOTANIST, 
RUBBER RESEARCH SCHEME (CEYLON > 
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THE SECOND IMPERIAL MYCOLOGICAL 
CONFERENCE 1929* 

RESOLUTIONS 

[Not ^,—The following- resolutions were adopted by the Conference ol 
Mycologiists of the British Empire which met in London in September, 
1929- Certain of them affect agriculturists in Ceylon, particularly the 
resolutions which deal with the treatment and certification of plant material 
before import inr. order to prevent the spread or introduction of dangerous 
diseases from one country to another. The proceedings of the Conference 
are referred to editorially.—Ed., T.A,] 

1. That this Conference urges that the necessity for an abstracting 
journal of the wprld’s literature on Mycological Taxonomy be referred to the 
international Botanical Congress, Cambridge, 1980. 

2. That this Conference accepts the report of the Committee appointed 
to consider the need for a series of handbooks on the diseases of tropical 
and sub-tropical crops and recommends that it be referred to the Managing 
Committee of the Imperial Bureau of Mycology for such action as may be 
necessary to give effect to it. 

8, With a view to protecting the staple agricultural crops of a country, 
this Conference recommends that the Government thereof should include in 
its Plant Protection Legislation provisions for growing under quarantine of 
stock for propagation capable of introducing diseases which may affect such 
staple crop^, and should take measures* to ensure that such quarantine can 
be effectively carried out by or under the supervision of the agricultural 
authority. 

4. The Conference notes the recent outbreak of witch broom disease of 
cacao in Trinidad and suggests that the attention of the British West 
African Colonies should be drawn to the desirability of co-operating with 
neighbouring countries in West Africa in devising steps which will satis¬ 
factorily provide against the possible introduction of the disease into West 
Africa. 

5. The Conference suggests that the attention of the Government of 
Malaya and Ceylon should be drawn to the desirability of investigating the 
possibility of treating bud-wood of rubber against disease before import. 

6. In order to facilitate protective legislation and possibly to further 
our knowledge of the means by which diseases spread or are introduced from 
one country to another it is desirable to obtain, in a form readily accessible 
and up to date, full information in regard to the distribution of disease of 
crop plants throughout the world. For this purpose, this Conference 
recommends that provision be made for the necessary wotk to be undertaken 
at the Imperial Bureau of Mycology and that the tropical Colonies should 
make arrangements for group notification. 

7. This Conference is of opinion that the system of certificates is one 
which should be universally recognised but that the acceptance of such certi- 
ficates should not be a llowed to imply that importing countries should in any 

Office (ColcJui Mycological Conference IWe- H. M. St«tio«ery 



223 


way waivp their right of prohibiting, inspecting, treating, quarantining, 
and destroying, where necessary, plant imports. It further recommends 
that steps should be taken to arrange that exporting countries within the 
Empire should specify as nearly as possible the significance of their certi¬ 
ficates covering plant exports. 

7a. This Conference also recommends that the form of certificates of 
inspection appended be submitted for approval to the Ministry of Agriculture 
and Fisheries in the first instance and then to the Dominions and Depen¬ 
dencies within the Empire, and, if approved, that it t}ien be adopted. 

8. This Conference recommends that countries between which planting 
material frequently passes should endeavour to group themselvcjs together 
and investigate the possibility of finding a minimum treatment for any 
specific pest or disease of a particular plant of which the export is required. 

9. That research work relative to the important question of seed-borne 
disease be given increased attention throughout the Empire, if necessary 
by the appointment of one or more specialists to the respective plant patho¬ 
logical services, and that such investigations be co-ordinated with the 
duties of seed-testing stations. 

10. That this Conference approves the draft prepared by the Committee 
appointed to formulate a standard method of handling dangerous material 
(specimens and cultures) in mycological laboratories, and recommends that 
it be circulated to mycologists throughout the Empire. 

11. That special care be taken in the handling of dangerous specimens 
in mycological laboratories where teaching is carried on. 

12. That teachers of plant pathology, if they do not do so already, give 
careful consideration to the possible risks of introducing cultures of plant 
pathogenic organisms into countries where disease caused by those 
organisms do not oc^cur. 

13. The Conference appreciat-ng the valuable help that has been given 
to the Plant Protection Services by the Meteorological Departments in 
various parts of the Empire, urges the need for further co-operation, and 
especially, for the more precivSe formulation by plant pathologists of the data 
which they would like to obtain. 

14. The Conference expresses warm appreciation of the services 
rendered to mycology and plant pathology by the Centraalbureau voor 
Schimmelcultures at Baarn, under the direction of Professor Westerdijk. 
and desires to bring them prominently to the attention of mycologists and 
plant pathologists throughout the Empire in the hope that means may be 
provided for continuing and developing the work of the bureau on a still 
more satisfactory basis. 

15. The Conference wishes to place on record its view of the desir¬ 
ability of the republication of certain important mycological works that can 
no longer be obtained, and requests that the necessary steps should be taken 
to ensure that this matter is discussed at the International Botanical Con¬ 
gress at Cambridge in 1930. 

16. That this Conference accepts the report of the Sub-Committee set 
up to examine the financial position and organisation of the Imperial Bureau 
of Mycology, and earnestly hopes that the additional financial assistance 
which the Sub-Committee regards as essential for a proper continuance of the 
Bureau^s work may be forthcoming. u 

17. That this Conference reaffirms the fifth Resolution adopted at the 
First Imperial Mycological Conference, namely, that in view of the benefits 
derived from an exchange of views between overseas mycologists. Confer¬ 
ences similar to the present one should be held every five years. 
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ROOT DISEASES OF ORCHARD AND 
PERMANENT PLANTATION PLANTAIN 
CROPS, WITH SPECIAL REFERENCE TO 
THE RELATIVE IMPORTANCE OF THE 
VARIOUS FUNGI CONCERNED* 

[Note, —As the result of work which has been undertaken diiring recen: 
years in Ceylon and in the British West Indies the question of the causation 
of root diseases has received considerable publicity. The report of the 
discussion reprinted below indicates the opinions of the mycologists of the 
British Empire and should be of interest to agriculturists in Ceylon. 
Editorial referenct is made to the proceedings of the Conference.—Ed., T.A, | 
Prof. Hriton-Jones (ImperiaPCollege of Tropical Agriculture, Trinidad) 
in opening this discussion reviewed in detail the records of Macrophoinino 
Pliaseoli under its various names from the earliest reference to the disease 
on sweer potato by Halstead in 1890. The records showed the disease to be 
widely distributed on a large number of ht)sts in tropical and sub-tropical 
countries. 1 aubenhaus in 1913-14 was the first to state quite ('learly the 
secondary importance of the fungus and the speaker siresstTl somewhat the 
various opinions of other writers in suppe^rt of this view. Small, in Ceylon, 
CA'pressed the contrary opinion in various papers published between 1926-29 
and regarded the fungus as a true parasite, whilst other organisms, formerly 
considered to be primary parasites, he relegated to a secondary position. 
Gadd was quoted as holding the view that the fungus is a pure s'aprophyte, 
while Park suggested that it might function as a mycorrhizal symbiont. 
Some support for Small had been forthcoming from Steinmann in Java and 
Hansford in Uganda; but the speaker was inclined to a middle course and 
to regard ifce fungus as a faculative. parasite when conditions favoured its 
development. Investig-alions on the parasitism of the fungous recentlv 
carried out by West and Stuckey under his direction affoi'ded definite 
evidence of the correctness of this view and were very fully described. 
Many of the attempts to secure infection under various conditions were 
unsuccessful, but of the others it might be mentioned that jute sf^edlings 
grown under moist conditions succumbed within two days of incKulation. 
Cotton seedlings, grown in pure sand, transplanted to an* infected field and 
manured, became heavily infected, while pot experiments with soil from the 
same field treated with various fertili;?ers gave one plant killed on the 
manured and 18 on the unmanured. Tests of the pathogenicity of M. Phase- 
oli and Diplodia to cotton plants growing under varying conditions of 
moisture and growth suggested that defoliation might result in predisposing 
the plants to disease, and further experiments ( orroborated this view. The 
effect of. defoliation on the plants would be to produce a Inw carbohydrate- 
nitrogen ratio and the authors suggest that any physiologicaf factor which 
upsets this ratio may render the plant susceptible*. With regard to the 
parasitism of RoselUnia and Fairies lignosus the s|>eaker agreed that the 
former was a parasite but he did not think that the fungus known under 
the latter name fn Trinidad could be considered virulent. 

Mr. Mhhy (IiPperial Bureau of Mycology) followed with a note on thf* 
application of the combination Rhicoctoitia hataficola (Taub.) Bull. It was 
pointed out that the binomial had been used in Ceylon to cover three strains 
referred to as A, B and C strains. It was applicable in the strict sense onlv 

* Rifport of discussion at the Second linpc^rial Mvcoloeical Conference 
Stationery Office 1930. (Colonial No. 45). ' - ^^irercnu H. M, 
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to the C group which form minute black sclerotia about lOOu or less in 
diameter and have Macrophomina Phaseoli as a pycnidial stage of which 
R, bataticola is, therefore, a synonym. The C strains also cause a charcoal 
rot of sweet potato. The B strains are characterised by the production of 
sclerotia about 200 microns in diameter, while the sclerotia of the A strains 
run to 0*5 mm. or 1 mm. or more in size. Evidence has not yet been 
furnished that a pycnidial stage occurs in the life cycle of the A and B forms 
nor that they are able to produce a charcoal rot of sweet potato. The 
binomial R, bataticola can therefore be used at present only provisionally for 
these two forms. 

Mr. Hansford (Uganda) stated that his experience coincided with that 
of Dr. Small in Ceylon to a large extent. He was convinced that the fungus 
was primarily parasitic on coffee, on which host it was quite common in 
Uganda, preceding Fames lamaoensis which was secondary. 

Mr. Stockdale (Ceylon) thought that Dr. Briton-Jones had rather exag¬ 
gerated the convictions of Dr. Small with regard to the parasitic nature of 
iV/, Phaseoli, Dr, Small was very guarded in his first reports and advanced 
slowly to the view that the fungus can atatek healthy plants but he did not 
push his view to the extreme Dr. Briton-jones might have led the Conference 
to believe. Positive evidence of the parasitic nature of the fungus on tea, 
coffee and rubber were obtained before the speaker left Ceylon last year. 
He considered that Dr. SmalPs work had been of great value because it 
focussed the attention of mycologists in the tropics on a very definite problem. 

Mr. South (Federated Malay States) gave an account of his experience 
of root diseases which attack rubber in Malaya. These could be classified 
into two groups (a) Fames lignosus attacking young trees and (b) Fungi of 
various kinds (chiefly Fames pseudoferreus, VstuUna sonata, Sphaerostilhe 
repens, and the not fully identified species causing brown foot diseases) on 
older trees. He had had a large field experience of Fames lignosus and 
cited an instance where the fungus attacked most of the trees of a two-year- 
old plantation of 50 acres and Avas so prevalent that, if one kicked the soil 
with one’s foot, strands of F. lignosus w^erc exposed. Under,these condi¬ 
tions the fungus was undoubtedly parasitic. Both F. lignosus and Rosellinia 
spread in a circle. With regard to the second group, Mr. Belgrave had 
definitely established the parasitism of Fomes pseudoferreus by experiment. 
VstuUna sonata needed further investigation, whilst Sphaerostilhe usually 
developed in water-logged soils. 

Dr. Gadd (Ceylon Tea Research Institute) stated that the original 
contention of Dr. Small that R, bataticola was the basic cause of all root 
disease in Ceylon meant that Fomes lignosus and other fungi were merely 
secondary and that control measures against these organisms was ill-advised. 
The good results attending such control measures, however, compelled him 
to protest against their abandonment. He considered that Dr. Briton-jones 
had misinterpreted his views. He had not stated that control by trenching 
was a proof of parasitism; he had merely emphasized the success attained 
by this method of control. The speaker called attention to the absence ol 
proof of the parasitisms of R, bataticola but stated he had got positive 
results with Rosellinia. The tea plant undergoes severe treatment from 
plucking and pruning and this treatment appears to predispose the plant to 
attacks by Diplodia, the effects of which the speaker was inclined to think 
might have been confused with those attributed to R. bataticola. If 
pruning and plucking were the real cause of trouble, then control should 
be directed against these factors. Tea bushes in dry patches of shallow 
soil often bore both R, bataticola and Diplodia, but it was questionable 
whether the drought was the cause of the trouble or whether this was due 
to the fupgi present 
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Dr. Reichert (Palestine) gave an account of the root diseases of 
Palestine. In the seed bed citrus is affected by a species of Rhizactonia 
and in the orchard by stem, collar and root rot, the exact causes of which 
are unknown. Vine roots suffer from Phthyriosis, an epidemic disease in 
which the roots are covered by a thick fungal layer under which Pseudococcus 
vitis is found. Apple and peach trees showed a root rot apparently caused 
by a spedes of Rhizoctomi, and Carica papaya by one due to a Pythiun^. 
Banana roots show a decay usually associated with nematodes, but the 
cause has not been determined. R. bataticola was first found in 1928 
causing stalk rot of tobacco, but has now been recorded on 34 different 
hosts. Of special interest is the occurrence of this fungus on sweet lemon, 
causing a bark and root rot, and on garlic, sunflower, and maize,* on which 
it acts saprophytically. R. hataticola is only able to attack plants when ihey 
are in an enfeebled condition, and the speaker suggested that it may be 
truly a saprophyte which by gradual adaptation is becoming parasitic. 

Dr. Nattrass (Egypt) described his investigations on Rosellinia neca- 
trix, the cause of*a disease of fruit trees in England. 'He had no doubt 
about the parasitism of this fungus. 

Dr. Gadd inquired whether /?. pecatrix was associated with any definite 
soil conditions. 

Dr. Nattrass* replied that the fungus was confined to the west of 
England, but no association with special soil conditions were observed. 

Mr. F. E. V. Smith (Jamaica) stated that Rosellinia causes considerable 
trouble in Jamaica when there is excess of humus. The strongest trees 
were frequently those attacked. 

Prof. Briton-Jones observed that Dr. Small had somewhat modified 
the opinion expressed in his earlier papers and now agreed that secondary 
factors were important in the parasitism of the fungus. With regard to the 
case of the death of the tea bushes on shallow soil mentioned by Dr. Gadd, 
he thought that much could be done in the alleviation of drought, even in 
the tropics, by the addition of humus to the soil. The speaker emphasized 
the importanee of the internal constitution of'the plant as factor determining 
susceptibility to the fungus. 

Mr, F. T. Brooks, in closing the discussion, mentioned that from his 
tropical experience he was fully persuaded of the evident parasitism of 
Fomei lignosus and Ustulina zonaia. 
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MEETINGS, CONFERENCES, ETC. 

BOARD OF AGRICULTURE 

Minutes of a Meeting of the Board of Agriculture held in the Board 
Room of the Department of AgHculture, Peradeniya, at 12 noon, on 
Thursday, February 20th, 1930. 

His Excellency the Governor, President of the Board of Agriculture, 
presided. • 

The following members were present: 

The Acting Director of Agriculture; the Government Agent, Central 
Province; Sir Solomon Dias Bandaranaike, K.C.M.G. ; the Government 
Agricultural Chemist; the Acting Government Entomologist; the Acting 
Government Mycologist; the Acting Government Economic Botanist; 
Mr. G. A. Goonetilleke, Gate Mudaliyar; Mr. S. Ramalingam, Gate 
Mudaliyar; Mr, W. Samarasinghe, Attapattu Mudaliyar; Mr. G. VV. Goone- 
ratne, Mudaliyar; Mr, N. Wickremaratne, Mudaliyar; S. M. P. Vander- 
koen, J.P., Mudaliyar; Mr, S. MuUutamby, Mudaliyar; Mr. W. A. 
Udugama, Ratemahatmaya; Mr. H. L. de Mel, C.B.E. ; Mr. G. R. de 
Zoysa, J.P. ; .Messrs. R. P. Gaddum; L. F. Roundell; A. W. Warburton- 
(iray; A. A. Wickremasinghe; S. Pararajasingham; C. .'\.*M. de Silva; 
J. Pergus.son ; A. \V. Ruxton ; J. W. Ferguson; H. D. Ditmas ; G. Pyper; 
T. Wallooppillai; VVace de Niese; G. L. Doudney; T. j. Wilson; and T. H. 
Holland (Acting Secretary). 

Visitors. —Messrs. B. C. \V. 'Faylor; S. K. Wijayaratnam; D. A. A. 
Perera; and M. E. .Antrobus, Private Secretary to His Excellency the 
Governor. 

His Excellence the Governor expressed his pleasure at meeting the 
members of the newly-appointed f^oard of Agriculture. He reiterated his 
abiding interest in the agriculture of the country and .said he was always 
glad to find himself in contact with those who made a spc^rial study of 
agriculture. 

He referred to the departure of the late Director, Mr. Stockdale, and 
said that he was sure that all who were in any way connected with agricul¬ 
ture would retain the most grateful memory of the great services 
Mr. Stockdale had rendered to the I.sland. He said that he was sure also 
that members would wish him to express their great appreciation of the 
admirable manner in whii'h Dr. Small had discharged the difficult task of 
taking charge of the Department between Mr. Stockdale^s departure and the 
arrival of his succes.sor. His Excellency said that Dr. Small had not only 
carried out his duties to the full and complete sati.sfartion of the Gk)vernment 
but had, he knew, won the confidence and warm regard of the unofficial 
members of the community engaged in agriculture. He referred to the 
impending arrival of the new Director, Mr. Youngman, and said that he 
was certain that Mr. Youngman would receive bo*h from officials and 
unoffictals all the co-operation and .support he would need in carrying out 
his very important duties. 

His Excellency then read a list of those members who had written 
regretting their inability to attend the meeting. 

The names were as follows: 

Mr. C. Muttyah; Mr. E. C. Villiers; the Director of Irrigation ; 
the Government Agent, Southern Province; the Assistant Government 
Agent, Mullaittivu; Mr. C. B, Herat, Kachcheri Mudaliyar; Mr. J, H. 
Titterington; Mr, C. Drieberg, Mr. J. D. Dunlop; Mr. B. M, 
Selwyn; Dr. T. B. Kobbekaduwa; Mudalivar S, P. Wijetunga; the Hon. 
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the Controller of Revenue; Messrs. J. E. P. Raj^pakse; C. C. du Pr^ 
Moore; A. H. Reid; R. G. Coombe; C. E. A. Dias; J. Horsfall; the Hon. 
Mr. T. B. L. Moonemalle; the Hon. Mr, C. E. Hawes; Gate Mudaliyar 
/V. E. Rajapakse; Mr, J. Sheridan-Patterson; the Hon. Mr. D. H, Kotala*» 
wala and the Hon. Mr. M. M, Subramaniam. 

The minutes of the last meeting, which had been circulated to members, 
were then confirmed. 

Arising out of the minutes Mr. H, L. de Mel then made some remarks 
on two subjects dealt with at the previous meeting. These two subjects 
were fruit growing in teylon, and the Coconut Research Scheme. 

Dealing first with fruit growing Mr. de Mel alluded to the Fruit 
Growers* Association which had been formed under the presidency of 
Sir Solomon Dias Bandaranaike as a result of interest aroused in the matter 
by previous discussions. He described the work being done by the Associa¬ 
tion and the limitations and difficulties which hindered its progress. He 
quoted figures illustrating the enormous annual importations of fruit, both 
fresh and preserved, and of vegetables, and said that nearly ten million 
rupees were annually leaving the country to pay for these importations. A 
great deal of this wealth could be ‘kept in the Island if the cultivation of 
fruit and vegetables could be widely taken up on sound modern lines. He 
brought this matter before the Board iti order to stimulate interest in the 
subject and to focus the attention of the Board in the minor agricultural 
industries of the country. 

His Excellency said that they had listened with great interest to Mr. de 
MePs observations which had brought home to members a position, the 
existence of which they were not unaware, namely that Cevlon was not 
producing as much of these minor agricultural crops as she might do. He 
alluded to the necessity of producing hig^ class fruit and thought that an 
organisation such as Mr. de Mel referred to was essential both for the 
fostering of the production and marketing of fruit. He did not think that 
Ceylon would ever be a great fruit exporting country but agreed that an 
endeavour should be made to meet local demand more effectively. He 
also agreed that it was absurd that such vast quantities of vegetables should 
be imported when a considerably greater quantity could be grown in the 
Island, He thought the discussion would, be useful in reminding peoolc 
that an effort should be made to stimulate minor industries and organise 
them in the proper way. 

The following resolution was then proposed bv Mr, de Mel, seconded 
bv Mr, Wace de Niese, and carried;—‘‘That this Board refers the question 
of fruit growing and vegetable cultivation for the special consideration of 
the Food Products* Committee of the Board of Agriculture.’* 

Mr. J. P. Blackmore enquired whether Mr, de Mel could inform him 
whether plantains were being exported from Ceylon. 

Mr. de Mel said that at present a certain amount of plantains were taken 
on as ship’s stores in Colombo but he regretted that they were not usuallv of 
good quality. They had however a definite order from Australia for fifty 
cases a fortnight of a variety of plantains grown in the hill country known 
as anamalu. This variety was known elsewhere as Gros Michel. It was 
the only Ceylon variety that would stand the twelve days* voyage, ripening 
only about the fourteenth day. Unfortunately there were not a sufficient 
number of co-operators to ensure the provision of this fortnightlv consign¬ 
ment, There was of course always a possibility that the Australian Govern¬ 
ment might put a prohibitive tax on imported plantains in order to foster 
the Queensland industry. 

Mr. G. R, de 2oysa said that he had heard that the Coconut Research 
Scheme contemplated the purchase of an estate ih the Chilaw district known 
as Bandirippuwa. He thought this unwise as the estate was fully cultivated 
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and what they wanted for their experiments was land with plants in various 
stages of growth, varying types of soil, and if possible partly under jungle. 
By distributing the experiments in small blocks throughout the coconut 
districts a wider circle of villagers and coconut growers would be reached. 

Dr. Small in reply said that all the points mentioned had received the 
careful consideration of the Board of the Coconut Research Scheme and 
particularly of the Estate Sub-Committee. For the fundamental work to be 
first undertaken a well grown uniform area of coconuts was essential. It 
was a mistake to suppose that a central station needed poor land and that 
the Scheme would at the outset demonstrate to cultivators what could be 
done on such land. Such work would be underaken later and there was 
every intention at a later date of extending the work in other districts, 
particularly those in which conditions were difficult. 

Mr. de Zoysa then criticised the purchase of Bandirippuwa estate on 
the grounds of extravagance. He further inferred that on a full grown 
estate there was but little to experiment in. * 

Mr. H. L. de Mel questioned the wisdom of sinking so much capftal in 
buying 200 acres of fully developed land costing more than a thousand 
rupees per acre. The Tea and Rubber Research Schemes had been criticised 
on the ground of extravagance and he felt that the •Coconut Research 
Scheme would be liable to similar criticism. He suggested that demonstra¬ 
tions should be carried out on 50-acre blocks and that part of the capital 
should be saved for scienctific investigations and for the study of what he 
considered to be the most important part of coconut planting, namely the 
selection of seed nuts. He referred to the great handicap of malaria in 
coconut planting and suggested that it would be better to have the experi¬ 
ment station in a malarial district so that this problem could be studied. 

Dr. Small said he was afraid Mr. de Mel was too late with his objection 
to the purchase of the land since the Board had already decided to buy two 
hundred acres at Bandirippuwa. He assured Mr. de Mel that the Estate 
Sub-Committee had acted with great care and had inspected over 30 estates. 
With regard to malaria the prime function of the Research Scheme was to 
attend to research work in coconuts and not to medical problems. He 
could assure Mr. de Mel that other estates were not available and 
Mr. Fergusson, who was a member of the Estates Sub-Committee, would 
back him up in this. 

Mr, Fergusson said he thought that the Committee had shown care and 
caution in purchasing an estate which would pay its w^ay and possibly leave 
something over rather than purchasing blocks of poor land in feverish 
districts which could not be expected to pay a return. 

ELECTION OF COMMITTEES 

His Excellency read out the names of members nominated to serve on 
the Executive Committee. The names were as follows: 

His Excellency the Governor, President 

The^ Hon. the Colonial Secretary, Vice-President 

The Hon. the Controller of Revenue 

The Director of Agriculture 

The Hon. Sir H. Marcus Fernando 

Sir S, D. Bandaranaike 

The Hon. the Member for the European (Rural) Electorate 

The Hon. Mr. A. Mahadeva 

The Chairman, Planters' Association of Ceylon 

The Chairman, Low-Country Products’ Association 

Mr. R. G. Coombe 

Mr. C. E. A- Dias 
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EX-OFFICIO MEMBERS. 

The Government Agent, ( Western Province 
The Government Agent, Central Province 
The Government Agent, Southern Province 
The Government Agent, North-Western Province 
The Government Agent, Northern Province 
The Director of Irrigation 

Mr. j. 1. Gnanamuttu, (Secretary) 

His Excellency pr6posed and Dr, Small seconded that the gentlemen 
whose names had been read out should be elected. This was carried. 

His Ex‘cellency then read the names of members nominated for the 
Estate Products Committee. The names were as follows: 

rhe Director of Agriculture, Chairman 
Sir S. D. ^Bandaranaike, K.C.M.G. 

Mr. W. S. Burnett 
Mr. j. P. Blackmore 
Lieut.-Col. J. A. Bond • 

The Chairman, Low Country Products Association 
The Chaivman, Planters* Association of Ceylon 
The Agricultural Chemist 
Mr. R. (i. CoOmbe 
Mr. C. E. A. Dias 
' Mr. H. D. Ditnias 
Mr. J. D. Dunlop 
Mr. G. L. H. Doudney 
Mr. C. Drieberg 
'I'he Entomologist 

'I'he Hon, Sir H. Marcus Fernando 

Mr, J. W. Ferguson 

Mr. J. Fergusson 

Mr.‘F. H. Griffith 

Mr. A, W. Warburton-Gray 

Mr. R. P. Gaddum 

Mr. J. Horsfall 

Dr. T. B. Kobbekaduwa 

The Hon. Mr. D. H. Kotalawala 

The Hon. Mr. A. Mahadeva 

Mr. H. L. de Mel, C.B.E. 

I'he Manager, Experiment Station, Peradeniya 
Mr. C. C, du Pr<^ Moore 
The Mycologist 

The Hon, the Member for the European (Rural) Electorate 

Mr. Wace de Niese 

Mr. S. Pararajasingham 

Mr. J, Sheridan Patterson 

Mr. Gordon Pyper 

Mr. A. E. Rajapakse, Gate Mudaliyar 

Mr. 1. E. P. Rajapakse 

Mr. A, H. Reid 

Mr. L. F. Roundell 

Mr. A. W. Ruxton 

Mr. B. M. Selwyn 

Mr. A. T. Sydney Smith 

The Government Veterinary Surgeon 

Mr. Chas. A, M. de Silva 

Mr. N. D. S. Silva 
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Mr. J. H. Titterington 

Mr, S. M. P, Vanderkoen, Mudaliyar 

Mr. E. C. Villiers 

Mr. T. J. Wilson 

Mr. G. Robert de Zoysa, J.P. 

Mr. T. H. Holland, (Secretary) 

Dr. Small proposed and Mr. C. A. M. de Silva seconded that those 
members whose names had been read out should be elected. 

Mr. H. L. de Mel enquired if it was possible to'add a name to the list. 
Dr. Small replied that it was not possible to propose the name of one 
A^ho was not a member of the Board of Agriculture but that the •Committees 
had power to co-opt members and there was never any difficulty in doing 
so. 

The resolution that the members whose names were read out should be 
elected was then carried. * 

His Excellency then read out the names of members nominated for 
election to the Food Products Committee. The names were as follows : 
The Director of Agriculture, Chairman 
Mr. W. A. Ameresekere, Kachcheri Mudaliyar . 

Mr. C. W\ Bibile, Ratemahatmaya 
The Economic Botanist 
rhe Agricultural Chemist 
Mr. C. Drieberg 

The Divisional Agricultural Officer; Central 
The Divisional Agricultural Officer; Southern 
The Divisional Agricultural Officer; Northern 
The Divisional Agricultural Officer; North-Western 
rhe Divisional Agricultural Officer; South-Western 
'fhe Entomologist 

The Hon. Sir H. Marcus Fernando 

Mr. G. A. Goonatilleke, Gate Mudaliyar * 

Dr. T, B. Kobbekaduwa 

Mr. G. W. Gooneratne, Mudaliyar 

Mr. C. B. Herat, Kachcheri Mudaliyar 

The Hon. Mr. A. Mahadeva 

The Hon. Mr. T. B. L. Moonemalle 

Mr. H. L. de Mel, C.B.E. 

'Fhe Hon. the Member representing the Central (Urban) Electorate 

Mr. J. E. P. Rajapakse 

The Mycolc^ist 

Mr. C. Muttyah, J. P, 

Mr. S. Muttutamby. Mudaliyar 
Mr, Wace de Naese 
Mr. S. Pararajasingham 
Mr. R. S. V. PouTier, A.G.A. 

Mr. A. E. Rajapakse, Gate Mudaliyar 

Mr. W. A. Samarasinghe, Attapattu Mudaliyar 

Mr. Chas. A. M. de Silva 

The Hon. Mr, M. M. Subramaniam 

The Government Veterinary Surgeon 

Mr. Walter A. Udugama, Ratemahatmava 

Mr. T. Wallooppillai 

Mr. A. A, Wickremasinghe 

Mr. S. P. Wijetunge, Mudaliyar 

Mr. G. Robert de Zoysa, J.P. 

Mr. M. S. Ramalingam, Gate Mutaliyar 

Mr. N. Wickrcanaratna, Mudaliyar (Secretary) 
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It was proposed by Dr. Small and seconded by Mr. Pararajasingham 
that those members whose names had been read out should be elected. 
This was carried. 

AGRICULTURAL CONFERENCE 1930 

His Excellency explained that the last Conference was held in 1928. 
In 1929 it was decided to await the arrival of the new Director of Agricul¬ 
ture. It was not of, course anticipated that this event would be so long 
delayed. It was hoped to hold a Conference in 1930 but the question now 
arose as to whether it should be held at the earliest possible date or whether 
it should be deferred till he (H. E. the Governor) had returned to the Island 
in August and the new Director of Agriculture had had time to acquaint 
himself with local conditions. 

Mr, G. R. de Zoysa thought that everything pointed to postponing the 
Conference. It was most desirable that the Director of Agriculture should 
have time to acquaint himself with* local problems and conditions and he was 
sure that it was the wish of all members that His Excellency should preside 
at the Conference. He proposicd that the Conference should be postponed 
till His Excellency’s return. 

Mr. Wa.ce de Niese spoke in support of this plan and seconded Mr. de 
Zoysa’s resolution which was unanimously carried. 

His Excellency suggested that the Conference should be held in 
September and this was agreed to. 

His Excellency thanked the members for their attendance and support 
and declared the meeting adjourned. 

, , T. H. HOLLAND, 

Acting Secretary, 

Board of Agriculture, 
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ESTATE PRODUCTS COMMITTEE 

Minutes of the Forty-seventh Meeting of the Estate Products Com¬ 
mittee of the Board of Agriculture held at the Head Office of the 
Department of Agriculture at 2 p.m. on Tuesday March 11, 1930. 

Present. —The Acting Dinector of Agriculture * (Chairman)^ the Agri¬ 
cultural Chemists the Acting Entomologist, the Acting Mycologist, the 
Hon. Mr. C. K. Hawes, Sir Solomon Dias Bandaranaike, , Messrs. J. 
Fergusson, A. H. Reid, W. S. Burnett, B. M. Selwyn, C* A. M. de Silva, 
S, Pararajasingham, J. E. P. Rajapakse, N. D. S. Silva, G. Pandittasekera, 
J, Sheridan-Patterson, J. Horsfall, A. T. Sydney-Smith, G. Pyper, J. H. 
Titterington, C. Drieberg, J. W. Ferguson and T. H. Hjolland, (Secretary). 

Visitors. —Messrs. C. Bourchier, V. Canagaratnam, P. R. Shand, 
R. Murdoch and J. C. Haigh. 

Letters or telegrams regretting inability to attend were received from 
Lt.-Col. J. A. M. Bond, the Hon. Mr. D. H. Kotalawala, Mudaliyar S. M. P. 
Vanderkoen, Dr. T. B. Kobbekaduwe, Messrs. J. P. Blackmore, A, W. 
Ruxton, H. L. de Mel, R. P. Gaddum, VVace de Niese, G. Robert de Zoysa 
and L. F. Roundell. 

AGENDA ITEM 1.—CONFIRMATION OF MINUTES 

The Chairman said that the minutes of the last meeting held in 
November, 1929, had been circulated to members. Sir Solomon Dias 
Bandaranaike moved and Mr. N. D. S, Silva seconded that the minutes be 
confirmed. This was carried. 

AGENDA ITEM 2.—CO-OPTING OF MEMBERS 

The Chairman read a list of gentlemen who were desirous bf joining the 
Committee and asked for further names. The following names were finally 
put forward : The Director of the Tea Research Institute, the Chemist of 
the Rubber Research Scheme, Messrs. C. H. Wilkinson, F. A. E. Price, 
W. Y. Mackintosh, G. B. Foote, A. Coombe, j. B. Coles, H. D. Garrick, 
R. Murdoch, J. Forbes, C. Bourchier, F. R. Dias, ]. Tyagaraja, Hon. Mr, 
D. S. Senanayake and Mr. H. W. Roy Bertrand, F.L.S. 

The Chairman proposed and Mr. C. A. M. de Silva seconded that the 
gentlemen whose names had been read out should be co-opted as members 
of the Committee. This was carried. 

AGENDA ITEM 3.—PROGRESS REPORTS OF THE 
EXPERIMENT STATION, PERADENIYA, FOR THE MONTHS 
OF NOVEMBER AND DECEMBER, 1929 AND 
JANUARY AND FEBRUARY, 1930 

Mr. Holland reviewed the report for November and December, 1929. 

Commenting on the results of the systems of tapping to death in the 
rejuvenation experiment, Mr. Selwyn said that it did not seem likely that 
large increases of yield would be obtained by drastic tapping systems, 

Mr. Holland said that there was evidence to show that the drying up of 
a large number of cuts in this case was due solely to the daily tapping. He 
had. received information of considerable increases of yield being obtained 
over a short period by tapping on four cuts per tree on alternate days. It 
would bie necessary to avoid ringing the trees. 
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Mr, Pyper, referring to the tea plots under Indigofera tndecafhylla, 
asked if it was possible to state that the increased yields were due to the 
Indigofera since there were no control plots. 

The Chairman agreed that the absence of control plots was a weak point 
but said that it had certainly been shown that the Indigofersi had not 
depressed yields, and the improvement in the condition of that soil was 
undoubted. 

Mr. de Silva, referring to Mr. Holland's remarks on Qtrus fruits, 
suggested that an cixpcriment should be made in removing fruiting buds from 
trees before the ordinary fruiting season in order to induce the trees to fruit 
out of season. 

The Chairman promised to consider this question. 

Mr. Pararajasingham then moved, and Mr. Drieberg seconded, that 
the report be adopted. This was carried. 

Mr, Holland "then reviewed the progress report for January and Febru¬ 
ary, 1930. 

The Chairman, referring to the fresh trial of cinchona plants, said that 
this was the outcome of the desire of the anti-malarial authorities that Ceylon 
should produce its own quinine. 

Mr. Sydney-Smith enquired if there were not new and superior varieties 
ot cinchona which could be obtained. 

The Chairman said that the Dutch had done a great deal of work in 
grafting and selection in cinchona but he did not think it would be easy to 
obtain planting material. 

Mr. Shand gave his early experiences in cinchona planting and related 
the phenomenal drop in price which had resulted in the abandonment of 
cinchona cultivation in Ceylon. He said that whereas Cinchona succirubra 
and Cinchona officinalis grew well in Ceylon, Cinchona ledgeriana had never 
been a success. 

Mr. Sydney-Smith thought that an effort should be made to obtain anv 
new and superior varieties available. 

The Chairman promised to .see what could be done. 

Mr. C. A. M. de Silva asked for information as to the number of head 
of cattle that could be maintained on a given area of fodder grass and 
the cost of cultivating such grass. 

The Chairman promised to supply what information was available by 
correspondence. 

Sir Solomon Dias Bandaranaike then moved, and Mr. Sheridan- 
Patterson seconded, that the report be adopted. This was carried. 

AGENDA ITEM 4.—VISITORS* DAY AT THE EXPERIMENT 
STATION, PERADENIYA 

The Chairman explained the desirability of a visitors' day being fixed 
and asked for suggestions from members. 

Mr. Hawes suggested the second Wednesday in every month. 

Mr. Pyper suggested that the morning of the second Tuesday, i.e. the 
morning of the day on which the Estate Products Committee Meetings were 
held, would be more suitable. > 

In response to an enquiry from die Chairman, Mr. J. W, Ferguson said 
that he thought the institution of a visitors* day at St. Coomb*s was a 
dikitict success. The presence of several visitors at a time stimulated 
discussion and added interest. 
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Mr. Haw^s then withdrew his suggestion and the meeting agreed that 
visitors* day should be on the days on which Estate Products* Committee 
meetings are held and on the second Tuesday in the intervening months, in 
every case at 9 a.m. 

AGENDA ITEM 5.—TEA PRUNING EXPERIMENT AT 

PERADENIYA 

A memorandum had been circulated to members making tentative 
suggestions for an experiment in the Hillside tea, on tKe Experiment Station, 
Peradeniya, and asking for suggestions from members as to the nature of 
the experiment. 

Mr. Sydney-Smith enquired with what object it was proposed to conduct 
an experiment, whether to test healing or for crop. He did not think it 
possible to conduct a pruning experiment since different ^styles of pruning 
demanded different plucking, tipping and manuring. Pruning could not be 
considered alone. 

• 

Mr. Holland said that attention had been drawn in the memorandum to 
the necessity for laying down a programme of manuring, fipping, etc., and 
it was on these points, as well as the pruning, that suggestions were asked 
for. 

After some further discussion a Committee consisting of Messrs. Sydney- 
Smith, Cf. Pyper, and the Visiting .Agent of St. Coomb*s Estate was 
appointed to consider the matter. 

AGENDA ITEM 6.—RUBBER MANURIAL EXPERIMENT AT 

PERADENIYA 

The plan of a new manurial experiment laid down in the New- Avenue 
Rubber of the Experiment Station, Peradeniya, was given in* full in the 
progress report for November and December, 1929. This item was there¬ 
fore included in item number 3. 

AGENDA ITEM 7.—THE KALUTARA SNAIL 

Copies of letters from Dr. |. Pearson, Director of the Colombo Museum 
and Mr. W. W. A. Phillips, Secretary of the Came Piotection Society had 
been circulated to members. 

To Dr. Pearson’s letter was attached a report from Mr. G. M. Henry, 
Assistant in Systematic Entomology. All three authorities agreed that it 
would be inadvisable and of little use to attempt to introduce protective 
measures for either the jungle crow or the ruddy mongoose. 

Sir Solomon Dias Bandaranaike gave his experience of the beneficial 
action of the jungle crow^ in reducing the numbers of the Kalutara snail. 
With reference to the damage this bird did by robbing the nests of birds 
beneficial to agriculture, he pointed out that the common crow, in addition 
to hawks, eagles, and other predacious birds, did far more damage in this 
respect. He considered it desirable to protect the jungie crow. 

Messrs. Drieberg and de Silva supported this view. 

The Chairman quoted the views of Messrs. Henry and Phillips in 
opposition to this course. 
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Sir Solomon Dias Bandaranaike proposed and Mr. Pararajasingham 
seconded that Government be asked to legislate for the protection of the 
jungle crow. 

An amendment was proposed by Mr. Sydney-Smith and seconded by 
Mr. Burnett to the effect that no action should be taken in the matter. 

The question was put to the vote and Mr. Sydney-Smith's amendment 
was carried by 15 votes to 4. 

The question of the protection of the ruddy mongoose was then submit¬ 
ted to the meeting. 

Mr. J. W. Ferguson proposed and Sir Solomon Dias Bandaranaike 
seconded that no action should be taken for the protection of the ruddy 
mongoose. This was carried. 

The Chairman then read a letter from Mr. H. L. de Mel advocating that 
the Kalutara snail be declared as a pest. The Chairman said that the ques¬ 
tion had previously been submittied.to the Planters’ Associatimi but this body 
had, he believed, dropped the matter. The objection to declaring, the 
Kalutara snail as a pest, was the difficulty in carrying out any effective 
measures for its extermination. He thought it advisable however to reopen 
the matter at a future meeting of the Committee. 

Reprints of an article by Mr. C. E. A. Dias on the prevention of soil 
erosion, tc^ether with diagrams, were tabled for the information of members. 

T. H. HOLLAND, 
Secretary, 

Estate Products Committee. 



237 


THE TEA RESEARCH INSTITUTE OF 

CEYLON 

M inutes of a Meeting of the Board of the Tea Research Insti¬ 
tute of Ceylon, held in the Victoria Commemoration Buildings, 
Kandy, on Monday, the 27th January, 1930, at 10-30 a,m. 

Present. —Mr. R. G. Coombe, (Chairman), Hon. Mr. C. W. 
Bickmore (Acting Colonial Treasurer), Dr. W. Small (Acting 
Director of Agriculture), the Hon’ble Mr. D. S. Senanayake, Messrs. E. C. 
Villiers, W. Coombe, H. Scoble Nicholson, John Horsfall, A. W. L. Turner, 
(Secretary), F. C. Macdonald, (Assistant Secretary) aVid by invitation 
Dr. R. V. Norris (Director) and Mr. J. W. Ferguson (Visiting Agent). 

Absent. —Messrs. D. S. Cameron, T.. B. Panabokke, P. A. Keiller, and 
C. H. Figg. 

I. Notice calling the Meeting was read. 

II. Minutes of a Meeting of the Board of the Tea Research Institute 
of Ceylon, held on the 30th September, 1929, were taken as read and 
confirmed. 

111.—FINANCE 

(a) Statement of Accounts as at 31st December, 1929 .—^'Fhe statement 
of accounts was tabled. 

Fixed Deposits .—The Chairman, referring to these, said that Rs. 150,000^ 
would expire on the 14th February and Rs. 100,000/- on the 21st February, 
He added that the current account had a balance of Rs. 160,000/-. 

It was decided that Rs. 150,000/- should be put on Fixed Peposit for 
a period of six months. The Secretary was instructed to make enquiries 
from the Bank. 

(b) Estimates for 1930 and two following years .—The Chairman, pre¬ 
senting these informed the Meeting that the Sub-Committee appointed to 
prepare the Estiimates had gone very carefully into the question for the next 
three years. 'Fhe statement drawn up, together with the Committee’s Report 
thereon had been in the hands of the Board for more than a fortnight. He 
had considered it advisable to add a forecast for 1933 to 1934, especially with 
regard to the capital expenditure, but emphasised that the figures could only 
be considered approximate. They were included to assist the Board to 
gauge the position and to come to a decision with regard to the building 
programme. 

Dr. Norris at the Chairman’s request explained the Research part of the 
Budget, taking the research work into account first under the different heads. 

Personnel Emoluments to the Scientific Staff .—^These show an increase 
of Rs. 10,000/- of last year’s amount, due to the new appointments. 

Laboratories .—A Memorandum containing the suggested expansion of 
the staff and the various proposals with regard thereto had been sent to each 
member of the Board under Circular No. A. 28/29, dated the 25th 
September, 1929. 

At present there are three Junior Assistants but they are only capable of 
routine work under direct supervision. In the near future it is proposed 
to have a man of higher qualifications with some research experience capable 
of seml-indispendent work in each of the chemical sections. 
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Dr. Evans (Bio-Chemist) is due to go on leave this year and it is felt 
that there should be somebody competent to carry on his work. The person 
appointed will be under the direct supervision of the Director. 

Mr. Eden (Agricultural Chemist) is due to go on leave in the following 
year and the Budget allows for another Research Assistant to carry on his 
work. It was also proposed to appoint a Junior Assistant to the Mycological 
section as soon as Dr. Gadd returns from leave. The salary of the Research 
Assistant will be Rs. 200/- rising up to Rs. 400/- per mensem. 

Further wwk must be undertaken on the Entomological side. The 
question of Nettle Grub in Uva is a very important matter and as the 
Department of Agriculture is unable to take it up, the Institute ought 
to face it*as soon as possible if money is available. If this work is under¬ 
taken it will mean taking on another Assistant in 1930. 

In order to help the Institute to investigate this pest, Gonakellie Estate 
has offered to provide free quarters, coolies and insecticides, etc. He there¬ 
fore hoped that* the Board would agree to these proposals. The sum 
involved for the first year will he Rs. 4,500/- in addition to the tabled 
estimate. 

A second clerk will be required when the Staff moves to St. Coomb’s 
and a Field Assistant in 1931. 

CMpital Expenditure. —The original estimate for the Laboratories was 
Rs. 170,800/-. To this amount Rs. 27,100/- will have to be added being 
cost of transport of materials, further site cutting, sand, shelving, and an 
additional gas plant, etc., bring the total figure to Rs. 197,900/-. 

4 Senior and 4 Junior Staff Bungalows. —A saving is probable on the 
10 per cent, extra which includes Architect’s fees, site cutting and scaffolding. 

Furniture. —^The Board at the last Meeting sanctioned Rs. 3,500/- for 
furniture and Rs. 500/- for floor covering plus Rs. 375 for rail freight. 

Additional furniture was required for Mahagalla Bungalow for the 
Entomologist which will later on be used on St. Coomb’s. 

Junior Scientific Staff Bungalows. —Rs. 1,000 is allowed for furniture 
and Rs. 2i4o/- for floor covering and Rs. 125/- for rail freight. 

Clerks* Quarters. —^Two at Rs. 4,100/-, and Rs. 300/- is allowed for 
furniture and Rs, GOO/- for site cutting, etc., as in the case of the Tea- 
maker’s house. 

Subordinate Staff Quarters. —The vote provides accommodation for six 
laboratory peons, five drivers (one of 'whom will be Research and other four 
private drivers) and four servants (married). 

The telephone service and quarters for the telephone operator are 
estimated at Rs. 4,500/-. The Institute wnll then have its own Exchange 
on St. Coomb’s. 

Temporary Lines .—30 room lines costing Rs. 3,500/- had to be built to 
accommodate the Contractor’s labour. 

The Director continued that in the 1931 Estimates there was an increase 
in the Revenue Expenditure which w'as accounted for by the Junior Staff 
appointments and the Capital Expenditure was based on his memorandum 
sent out with Circular No. B. 2/30 dated the 9th January. 

In 1932 the Research Expenditure shewed a saving under Laboratories. 
Un.der Capital Expenditure provision was made for one Senior and two 
Junior Staff Bungalows. The reason for building only one Senior Scientific 
Staff Bungalow was because during the current vear Mr. King will be at 
Mahagalla and when Dr. Evans goes on leave, Mr. King will occupy 
Dr, Evans’ quarters and subsequently when Mr. Eden goes on leave 
Mr. King will be accommodated in Mr. Eden’s Bungalow. This will still 
leave one Bungalow to be built in 1933 for Mr. Tubbs who will temporarily 
stay in one of the Junior Scientific Staff Bungalows. 
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The Chairman added that he thought it advisable to give a forecast for 
the years 1933 and 1934 shewing what was necessary to carry out the full 
equipment of the Institute. In 1933 provision is made for the last Senior 
Scientific Staff Bungalow and for one Junior Staff Bungalow. 

In 1934 provision is made for one Junior Staff Bungalow thus complet¬ 
ing the programme of six Senior and ten Junior Staff Bungalows. 

The Chairman, reviewing the Sub-Committee*s Report, said that the 
deficit at the end of 1934 would be in the neighbourhood of two lakhs. 
The main item for this being the new Physiological section which was 
responsible for approximately Rs. 145,000/- and was not anticipated in the 
original Scheme. 

■» 

The Director had made out figures in this connexion for the five years 
and they w^ere as follows : 

The salaries of the Plant Physiologist, Junior Assistants and Laboratory 
l*eons amount to Rs. 78,525/- and the quarters for the abqve Stafl\ drivers, 
servants, etc., amount to Rs. 66,013/-. 

The Chairman considered that the best way to meet the deficit men¬ 
tioned would be to increase the present c^ss of TO of a cent by 50 per cent, 
that is to say T5 cent for the years 1931 and 1932, this would give 
Rs. 112,500/- each year and should leave the Institute with a, small credit 
balance as a reserve against further possible contingencies. 

Mr. Bickmore pointed out that the Ordinance would have to be amended 
if the cess were to be increased and he a.sked if there was any possibility 
of reducing expenditure. 

With regard to the Kstate Kstimate Mr. Ferguson assured the Board 
that the prices of St. Coomb’s leas .should he felt be equal to any in the 
District. During the last two years rainfall had been much below the 
average and in 1929, ranfall was the .shortest in Dimbula for 35 years. He 
had every hope that the Estate would .secure the estimated crop in future. 
He added that his policy was to bring the estate into good condition piece 
by piece rather than attempt to put everything right in the first year. 

The Chairman said that the estimates shewed that while the Institute 
might he in diffi('ulties for tMo or three years after 1934, it should be on firm 
ground and carry forward a credit balance each year. He asked the Board 
if it approved the building programme as presented. 

Mr. W, Coomhe said that it was essential that the Institute he propt^rly 
equipped and he expressed the opinion that the necessary money could he 
raised. 

Mr. Horsfall supported Mr. W. Coomhe. 

Mr. Villiers suggested that the Agency Firms should be approached 
in the matter. 

Mr. Senanayake said he felt that the Institute was .spending too much 
on the Bungalows. 

The Chairman assured Mr. .Senanayake that many hours had been 
spent before a decision was arrived at with regard to the Bungalows and 
their co.sts. The apparently high costs w’ere due to the fact that a large 
amount of building was being carried on in Colombo, Kandy, Hatton, 
Talawakelle, Dimbula and other places. 

Mr. Senanayake asked if other estates also built bungalows for theii 
Superintendents at similar cost. 

The Chairman replied that the Bungalow's now' being ereetted on 
St, Coomb’s were all on the same lines as a bungalow' recently built on a 
neighbouring estate. 



Major Nicholson said that f^cfently his agency had bulit a Superinten¬ 
dent’s Bungalow costing Rs. 50,000/-. 

Mr. Ferguson said that he had 32 years’ experience in Dimbula and he 
considered it impossible to build an entirely new Bungalow inclusive of site 
cutting, etc., at present rates for less than Rs. 45,000/- to Rs. 50,000/-. 

Mr. Bickmore asked if this was the case with regard to the Junior 
Scientific Staff Bungalows as far as prices were concerned. 

The Chairman said that in this too the Institute had been guided by 
Mr. Ferguson. ♦ 

Mr. Villiers said that it must be remembered that Rs. 41,330/- included 
drainage, •lighting, etc. At one time he was strongly against spending so 
much on Bungalows but he had now come to the conclusion that the costs 
were reasonable. 

Mr. Senanayake said that in view of the remarks made he was satisfied. 

The Chairmam extended an invitation to all the Members of the Board 
to visit St. Coomb’s Estate. 

He also announced that His jExcellency the Governor had very kindly 
consented to visit the Estate in February. 

Major H, Scoble Nicholson proposed the adoption of the Estimated 
Expenditure as presented for 1930, subject to any revision necessary in 
regard to final figures for 1929. 

This was seconded by Mr. John Horsfall and carried. 

(The Estimates revised in accordance with Major Nicholson’s proviso 
are contained in Appendix A). 

(c) Additional Expenditure sanctioned by the Chairman, —1'he follow¬ 
ing items sanctioned by the Chairman were confirmed : 

1. Rs. 153/- for the transport of the Superintendent’s effects from 
Bandarawela to Talawakelle. 

2. Rau 385/- for telephone extension from the Superintendent’s 
Bungalow to the Clerk of Works’ Quarters. 

3. Rs. 2,000/- for scaffolding for the Laboratories and the Bungalows. 

4. Rs. 186/- for Furniture for the Clerk of Works. To be subse¬ 
quently used in the Junior Staff Bungalows. 

5. Rs. 3,500/- for 30 temporary lines for the Contractor’s labour. 

IV.—MEMBERS OF THE BOARD 

The following changes since the last meeting were recorded ; 

Mr. John Horsfall returned from leave in October and relieved 
Mr. C. C. du Pr^ Moore. A vote of thanks to Mr. C. C. du Pr6 Moore 
for his services was recorded. 

Mr. R. G. Coombe returned from leave in November and relieved 
Mr. C. H. Wilkinson who had acted for him. Mr. Coombe resumed the 
Chair as from the 28th November, 1929. A vote of .thanks to Mr. Wilkinson 
was recorded. 

The Hon’bie Mr. J. W. Oldfield and Mr. J. D. Finch Noyes proceeded 
on leave in November and Major H, Scoble Nicholson and Mr. C. H. Figg 
had been appointed to act for them. A letter had that day been received 
from Mr. Figg saying that he had to go Home on urgent business and it 
was necessary for him to resiga his appointment on the Board. 

The Chairman welcomed M^jor H. Sodble Nicholson. 

Mr. T. B. Panabooke returned from leave in December and relieved 
Mr. M. B. Galagoda who was acting for him, A vote of thanks was 
recorded to Mr. Galagoda for his services. 
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Mr. D. S. Cameron is due to go on nine months’ leave as from the 
1st April, 1930. 

V,—BUNGALOWS 

(a) Senior and Junior Scientific Staff BungaloiC'S ,—Commenting upon 
the Architect’s Reports Nos. 8 and 9 sent to each member under cover of 
Circular No. A 33/29, dated the 25th November and Circular No. B. 1/30, 
dated the 9th January, 1930, the Chairman mentioned that the contract time 
for the completion of these bungalows was one year from the 1st January, 
1930. Neither the Director nor himself were satisfied with the progress 
made with the Senior Staff Bungalows and were taking up the matter with 
the Architect. 

Regarding the Junior Scientific Staff Bungalows, one Bungalow was 
roofed and should be ready for occupation by Mr. Tubbs soon after his 
arrival. 

The Board confirmed the Chairman’s action in having allowed, on the 
Architect’s suggestion, a teakwood screen costing Rs. 159/- in each of the 
Senior Scientific Stafi’ Bungalows. 

(a) Superintendent's Bung(tlou \—The Chairman announced that the 
Superintendent was now in occupation ‘of his Bungalow and that all the 
defects had been attended to. 

Vi.—ST. COOMB’S ESTATE 

(a) Visitinfr Agent's 'third and Fourth Reports ,—The Chairman 
announced that the Visiting Agent’s Third and Fourth Reports had been 
sent to each member under cover of Circulars No. A. 29/29, dated the 30th 
September, 1929, and No. B. 4/30, dated the 15th January. 

Roth reports were satisfactory and shewed that distinct progress was 
being made. 

Mr. W. Coombe proposed and Mr. Villiers seconded that the whole ot 
the Fourth Report should be published en bloc in the Minutes. 

It was suggested and agreed that any portion of the Fourth Report 
could be made use of for the information of those \vhon% the Board 
represented. 

Mr. Senanayake said that the reason for his asking for the Reports to 
he published was because he thought that other estates might like to adopt 
some of the suggestions contained in the Reports, and he felt confident that 
Mr. Ferguson’s Reports would be of great interest to many planters. 

Mr, Ferguson said that he had not the slightest objection to his Report 
being published and he stood by everything he had written. 

ll was also decided that the Fourth Report for 1929 should be embodied 
in the Minutes and offered for publication in The Tropica] Agriculturist, 
fReport is contained in Appendix B). 

(b) Acreage of St, Coomb's, —Messrs. Julius and Creasy reported that 
the transfer deeds do not give the details of the area of tea or patna, but 
merely the total area of the Estate, viz : 415 acres, 3 roods, 12 poles. The 
recent survey shewed 423 acres, 2 roods, 12 poles. 

The Chairman stated that when the buildings were completed another 
survey of that part of the estate on which the buildings are situated w^ould 
he necessary. 

(c) Water Supply *—The Director reported that the Government Sani¬ 
tary Engineer was engaged in drawing up a scheme. It was estimated that 
20,000 gallons per diem would be required. There are two sources of 
supply yielding approximately 35,000 gallons per diem. The main source 
would be a gravity supply but unfortunately it might prove to be polluted. 
If so a suitable filter might be necessary, but the action to be taken would 
depend on Mr. Dyer’s Report. 
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Th-e Board confirmed the Chairman’s action in allowing Rs. 1,888/68 
for piping, etc,, for the temporary water supply and Rs* 800/- for 
Mr. Dyer’s fee. The materials would subsequently be used in the permanent 
supply. 

(d) Rifle Range ,—At the last Meeting it had been decided to consult 
the legal advisers in this connection. Their reply was sent to each member 
of the Board under cover of Circular No. A. 39/29, dated the 10th Decem¬ 
ber, 1929. 

The Director reported that at the Chairman’s request he examined both 
sites with the Superintendent and of the two sites in question the present 
one was to be preferred. There is no work going on in the immediate 
neighbourhood. Due notice was always given before firing and guards are 
stationed in various places to keep people out of danger. There would be 
a certain amount of annoyance just below the Superintendent’s Bungalow, 
but that was only, once a month. 

The Chairman said that it would be necessary to close the existing 
range when extending the area in tea. There was a possibility of the 
subordinate quarters coming in the way of the proposed new site, in which 
case the Institute would have to oppose it. 

Mr. Bickmore said that as far as Government was concerned they would 
have to provide at least Rs. 2,000/- for a new range for the Ceylon Defence* 
Force if the existing range was closed, 

Mr. Senanayake said that he was still opposed to having a rifle range 
in the neighbourhood of the Estate. 

(e) Clerk of Works ,—The Chairman said he gathered from the corres¬ 
pondence he had seen that Mr. Senanayake appeared to think that parti¬ 
culars with regard to a candidate suggested by the Director of Public Works 
had been withheld from the Board. Circular No. A. 24/29 dated the 24lh 
August, 1929, had been sent to each member of the Board. This Circular 
stated that* the Director of Public Works had suggested Mr. C. Subra- 
maniam on a salary of Rs. 2,000/- per annum. He was 33 years of age and 
was in receipt of a salary of Rs. 1,700/- wdth 15% House Allowance, 

The Chairman then read a letter from the Director of Public Works and 
added that this shewed that no information had been withheld. 

Mr. Bickmore said that the Colonial Treasurer, Sir Wilfred Woods had 
written that the appointment should carry a salary of Rs. 9,000/- per annum. 

Major Nicholson said that he had considerable dealings with Clerks of 
Works. They were very difficult to get and if efficient men were required 
they had to be paid reasonable salaries. 

Mr. Senanayake said that it was not necessary that the man should be 
one with Engineering experience for the Institute’s purpose. What was 
required was a man who was honest and did not work jointly with the 
Contractor. He therefore felt that the Board was not justified in spending 
this money. 

The Chairman stated that the appointment hav-ing been made nothing 
further could be done. 

(f) House Allowance for the Superintendent .—The Secretary read a 
letter dated the 23rd December, 1929, from the Visiting Agent suggesting 
that Mr. Rogers should be given house allowance for the nine months during 
which there was no bungalow on St. Coomb’s. 

Mr. Ferguson speaking in support suggested that the allowance be gn 
the same lines as that of the Senior Scientific Officers, 
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It was decided that Mr, Rogers be given House Allowance for nine 
months, December, 1928 to August, 1929 at 15% of his salary, i,e., 
Rs. 1,012.50, 

This was agreed to. 

(g) Sand, —The Chairman announced that a permit had been obtained 
for a further 500 cart loads of sand for the Buildings on St. Coomb’s. 

(h) Green Leaf, —-The Chairman announced that owing to Troup 
Estate Factory having been burnt down the Superintendent had asked if the 
Institute could assist by either purchasing his green leaf or manufacturing 
his tea for a few months. 

It was decided that the tea should be manufactured, the change for so 
doing to be left in Mr. Ferguson’s hands. 

VII.—QUARTERS FOR THE SUBORDINATE STAFF 

The Chairman reported that sites had been found for .quarters for two 
Institute’s clerks, six laboratory peons, five motor drivers and four married 
servants as recommended in the Director’s Memorandum dated the 25th 
September, 1929. 

VIII.—LABORATORIES 

The Chairman reported that the contract time for the ct>mpletion ot 
the Laboratories was nine months to date from the 1st December, 1929. 
Rapid progress had been made and there appeared to be no reason why the 
building^s should not be completed in the contract time. 

IX,—LEASE OF “LINDFIELD’' 

It was decided on the advice of the Director that arrangements should 
be made to renew the lease of “Linfield,” and Mahagalla Bungalows until 
the end of 1930. 

X.—FACTORY 

The Chairman reported that manufacture commenced in -October, 1929, 
and that the prices already obtained \yere very encouraging. 

(a) Electrical Spares, —The Board concurred with the views of the 
Consulting Engineer and the Visiting Agent that it was unnecessary to 
purchase these for the present. 

(b) Inspection Report, —It was decided to ask the Colombo Commercial 
Company to make the Inspection free of charge. 

XI.—SENIOR SCIENTIFIC STAFF, T. R. I, 

(a) Passages. —The Board confirmed the Chairman’s action in having 
sanctioned Mrs. Norris’ passage from England to Cevlon amounting to 

£ 66 - 0 . 0 . 

(b) Annual Increments. —The Chairman’s action was also confirmed in 
having granted Mr. Eden, Agricultural Chemist, and Dr. Evans, Bio- 
Chemist, their annual increments of £40-0-0 per annum as from 1st 
October, 1929, and 25th November, 1929. 

(c) Entomologist, —The Chairman reported that Mr. King’s agreement 
had been altered to be in conformity with the rest of the Staff. Mr. King 
had arrived and had taken up Ws duties as from the 10th December. 

(d) Plant Physiologist, —This Officer’s agreement had also been altered 
to be in keeping with the rest of the Staff. Mr, Tubbs was expected to 
arrive ;in Qeylpn on the 3rd March, 1930, and after a short time at head- 
cjuariefs would proceed to St, Coomb’s, 
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(e) Mycological and Entomological Work ,—The Chairman stated that 
Circular No. B. 1/29, dated the 18th October, 1929, had been circulated 
with the result that it had been decided that Mn Park, who had been in 
charge of the advisory Mycological work since Dr. Gadd’s departure on 
leave and Mr. Jepson who had done the Entomological work from the 1st 
July until the arrival of Mr. King in December should each be given an 
honorarium of Rs. 150/- per mensem for these periods. 

This was confirmed and the Secretary was instructed to thank the 
Department of Agriculture for assisting the Institute. 

In reply to a question by Mr. Bickmorc, the Chairman said that 
Government had granted permission for these Officers to accept the 
honoraria. 

Xir.—PROVIDENT FUND 

(a) Junior Scientific Staff .—The question as to whether the Junior 
Scientific Staff should be allowed to join the Ceylon Planters* Provident 
Society, the employee contributing 5% and the employer a like amount was 
awaiting discussion by the C. P. P. S. Committee. 

(b) Subordinate Staff .—It was decided that a separate account should 
be run in the .Planters* Association office for the Subordinate Staff, the 
employee contributing 5% of his salary and the Institute 5% and they be 
given 5% of a year’s salary as a Bonus at Christmas if earned. 

Xm.—CHRISTMAS BONUS 

The Chairman stated that as a result of Circular No. A. 40/29, dated 
the 16th December, the Board agreed by a majority of 8 to 1 to the payment 
of the Bonus amounting to Rs. 519-12 to the Junior Scientific Staff and the 
Subordinate Staff. The payment was confirmed. 

Sir Wilfred Woods had opposed the Christmas Bonus being paid to 
the Junior Scientific Staff. It was pointed out that 1929 was the last year 
that the ?onus was being given to the Junior Scientific Staff. 

Mr. Bickmore said that under these circumstances he agreed. 

XIV.—-ANNUAL REPORT 

The Chairman said that the Secretary’s portion of the Annual Report 
had been sent tQ each member of the Board under cover of Circular No. A. 
38/29 of 10th December. The various alterations suggested by mem¬ 
bers had been incorporated. 

This portion of the Report was adopted. 

The Director reported that with the Chairman’s approval he had 
arranged to hold up his portion of the report till about the middle of Febru¬ 
ary to enable Dr. Gadd to write up the Mycological section on his return 
from leave shortly and Mr. King, who was at present going over the 
Entomological files, to write up the Entomological section, thereby making 
the Report more valuable. 

This was agreed to. 

XV.—MR. SENANAYAKE’S LETTER DATED 
THE BTH JANUARY. 1930 

Mr. Senanayake’s letter dated the 8th January under cover of Circular 
No. B. 3/20, dated the 14th Jahuary, had been sent to each member, of the 
Board. The Chairman said that the major points of Mr. Senanavake’s 
letter had’ been dealt with but there was one point that he wished to discuss, 
and that was regarding the decision of important matters by hiere circulation 
of papers. 



245 


Mr. Senanayake said that if a member wished a subject that was being 
circulated brought up at a Meeting, it should be done; 

The Chairman replied that this procedure had always been adopted by 
him and the subject put on the Agenda of the next Meeting. By circulation 
of papers he often received well-thought-out and sound ideas which were of 
the greatest assistance to him. 

Mr. W. Coombe said that Mr. Senanayake*s idea that the Instituie 
w’ished to keep out Ceylonese was a mistake. 

Mr. Senanayake said that he was glad that this point was raised as he 
honestly felt that it w^ould have been better if Ceylonese were not on the 
Board. 

Mr. W. Coombe said that this was not the case and that the Board 
wanted to employ Ceylonese as well as to have them on the Board. 

Mr. Senanayake said that with regard to the appointments on the 
Scientific Staff, the Institute got men from outside Ceylon, but Ceylonese, 
however well they were qualified stood no chance of getting a job in the 
Institute, on the ground of inexperience and that an opportunity should be 
given to train these young men. 

Mr. Coombe enquired if later on it might not be possible to.start classes 
at St. Coomb’s for giving experience to Ceylonese fresh from School. 

The Director said that it would take up a considerable amount of the 
Staff’s time to train lads fresh from school but in the case of men w ith a 
Science Degree facilities could probably be arranged for them to acquire 
practical experience, but the Institute could not guarantee their employment. 

Mr. Senanayake said that although it was more or less easy for young 
men to obtain degrees, there appeared to be nowhere in Ceylon for them to 
gain the necessary experience. He quite realised that it was impossible to 
guarantee employment, but if arrangements such as outlined by the Director 
could be made, he would be satisfied. 

I'he Chairman said that he agreed with Mr. W, Coombe in that it w^as 
a wrong impression that the Institute wished to exclude Ceylonese. 

XVK—VISITORS’ DAY^ 

The Chairman mentioned that the first Wednesday of each month had 
been fixed as Visitors’ Day and a circular had been sent to this effect to all 
District Planters’ Associations. Visitors at other times would be welcome 
but it would not be possible to offer the same facilities as on Visitors’ Day. 

XVII.—VISIT OF THE SCIENTIFIC STAFF AT TOCKLAI- 

The Chairman announced that the Institute hoped to have its Second 
Conference next year and that he hoped that Mr. Carpenter and some other 
members of the Scientific Stafl* at Tocklai and South India wwild be able to 
attend. 

XVIII.—EMPIRE MARKETING BOARDj 

In a letter dated the 5th January, the Hon’ble Mr. J. W. Oldfield wTote 
that he hoped to see the Secretary of the JEmpire Marketing Board shortly. 

XIX.—publications. 

The Chairman’s action in having increased the number of Publications 
to 1,500 copies was confirmed. 
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XX.~SECRETARY’S LEAVE 

It was decided that the Secretary should be given full pay during his 
furlough and also a bonus of Rs, 1,000, 

The Meeting terminated with a vote of thanks to the Chair. 

A. W. L. TURNER, 

Secretary, 


Appendix A 

THE TEA RESEARCH INSTITUTE OF 
CEYLON 


ESTIMATED EXPENDITURE, 

1930 



Rs. c. 

Rs; C. 

Estate Expenditure Revenue 

85,749 50 


' Capital 

17,899 50 

103,649 00 

Research Account—Revenue 

Administration of the Board ... 

15,575 00 


Personnel Emoluments of Scientific Staff ... 

89,725 00 
36,384 00 


Laboratories 


Field and Factory Experiments 

2,000 00 
3,372 00 


Laboratory Offices 


Travelling of Staff 

6,184 00 


Contingencies 

7,613 00 


Maintenance of Roads, Bridges, etc. 

1,095 00 


Sundries shared with Estate ... 

672 00 

162,620 00 

Research Account—Capital 

Laboratories.—Adams & Small’s Estimate 

170,800 00 


Extr^ ... ... 

27,100 00 

197,900 00 

Bungalows,—4 Senior Scientific Staff ... 

165,320 00 

Plus 10% 

16,532 00 

181,852 00 


Less paid on Certificate No. 1 

4,000 00 

177,852 00 

4 Junior Scientific Staff ... 

44,000 00 

Plus 10% 

4,400 00 

48,400 00 


Less paid on Certificate No. 1 

6,000 00 




42,400 00 

Insurance— 


300 00 

Furniture— 

4 Senior Staff Bungalows @ Rs. 4,376/- 

17,500 00 


4 Junior Staff Bungalows @ 1,376/- 

5,500 00 


2 Clerks ^ „ 300/- 

600 00 


Entomolc^ist ... ... 

1,000 00 



24,1^ Od 






24 ? 


Other Buildings— 

2 Clerks* Houses 
6 Peons* Quarters 
5 Drivers* Quarters 
4 Servants’ Quarters 
Telephone Service 
Manure Shed 
Latrines 


@ Rs. 

@ M 


5,000/. 

700/. 

1,300/. 

700/. 


Electricity 

Roads 

Water Supply 
Temporary Lines 
Contingencies 
Clerk of Works 
Government Loan 


10,000 00 

4,200 00 

6.500 00 
2,800 00 

4.500 00 

2,000 00 

1.500 00 


31,500 00 
1,900 00 
1,000 00 
10,000 00 
3,500 00 
5,000 00 
8,400 00 
78,227 00 


. Totai. 1930 ... Rs. 848,848 00 


NOTE—Additions to original Estimates are as follows:* 

Under Estate Revenue Account Rs. 1,012.50, Superintendent’s 
House Allowance sanctioned 27th January, 1930. 

Under Laboratories Rs. 4,500/- Nettle Grub Assistant, 1931, 
sanctioned 27lh January, 1930. 

ESTIMATED EXPENDITURE, 1931 

Rs. c. Rs. c. 


Estate Expenditure 
Revenue— 
Capital— 

Research Account 
Revenue— 


91,000 00 

20,000 00 

- 111,000 00 


Administration of the Board ... 15,575 00 

Personnel Emoluments of Scientific Staff. 86,459 00 


Laboratories 

Field & Factory hixperiments 
Laboratory Offices 
Travelling of Staff 
Contingencies 

Maintenance of Roads, etc. 
Sundries shared with Instate 

Capital 

Bungalows— 

2 Junior Staff Bungalows ... 
Plus 10% 

F urniture— 

Other Buildings— 

Dhoby Hou.se 
Government Loan 


42,084 00 
2,000 00 
3,794 00 
6,274 00 
8,445 00 
4,500 00 
1,282 00 

- 170,413 00 


22,000 00 
2,200 00 

- 24,200 00 

2,750 00 


3,200 00 
78,227 00 


Rs. 389,790 00 


NOTE—Addition to original Estimate Rs. 4,500/- “Laboratories,” Nettle 
Grub Assistant. 
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ESTIMATED EXPENDITURE, 

t932 


Rs. c. 

Estate Expenditure 


Revenue— 

91,000 00 

Capital— 

20,000 00 

Research Account 


Revenue— 


Administration of the Board 

14,575 00 

Personnel Emoluments of Scientific Staff' 

90,209 00 

Labbratories 

36,829 00 

Field & Factory Experiments 

2,000 00 

Laboratory Offices 

3,994 00 

Travelling of Staff 

6,570 00 

Contingendes 

6,216 00 

Maintenance of Roads, etc. 

5,000 00 

Sundries shared with Estate 

1,282 00 


Capital — 


Rs. c. 

U 1,000 00 

166,675 00 


Bungalows— 


1 Senior Staff Bungalow ... 


41,330 00 


Plus 10% 


4,133 00 

45,463 00 

Furniture 


4,375 00 


Less spent in 1930 


1,000 00 

3,375 00 

2 junior Staff Bungalows ... 


22,000 00 


Plus 10% 


2,200 00 

24,200 00 

Furniture 

Other Buildings— 


2,750 00 


1 Servant’s Quarter 


700 00 


1 Peon’s Quarter 


700 00 


1 Driver’s Quarter 


1,300 00 


Government Loan 


78,227 00 

Rs. 

434,390 00 


ESTIMATED EXPENDITURE, 1933 

Estate Expenditure 

Revenue— ... ... 91,000 00 

Capital— ... 20,000 00 

- 111,000 00 

Research Accouni 

Revenue— ... ... 172,000 00 

- 172,000 00 

Capital, 

Btingalows— 

J Senior Staff Bungalow ... 41,330 00 

Plus 10% ... ... 4,133 00 


45,403 00 
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Furniture— 

1 Junior Staff Bungalow 
Plus 10% 

Furniture— 

Other Buildings— 

1 Servant’s Quarters 
Government Loan 


4.375 00 

11,000 00 
1,100 00 

- 12,100 00 

1.375 00 


700 00 
78,227 00 


Total ... Rs. 425,240 00 


ESTIMATED EXPENDITURE, 1934 

Kstate Kxpendjture 

Revenue— ... ... 91,00() 00 

Capital— ... ... 20,000 00 

111,000 00 

175,000 00 


11,000 00 
1,100 00 

- 12,100 00 

1,375 00 
78,227 00 

Total ... Rs^ 377,702 00 


ESTIMATED RECEIPTS AND DISBURSEMENTS 

Balance cash as at 31-12-29 ... 

Kstimated Income 1930: 

Tea Cess 

Tea Sales 120,000 lbs. @ 95-30 
Interest 


Expenditure 1030 as per Statement 

Balance in hand as at 31-12-30 
Estimated Income 1931 : 

Tea Cess 
Tea Sales 


Expenditure 1931 as per Statement 
Approxi ma te shortfall as at 31-12-31 ... 39,979 46 


uu 


225,000 00 
114,360 00 
10,000 00 


349,360 00 

853,658 54 
848,848 00 

4,810 54 


225,000 00 

120,000 00 


345,000 00 

349,810 54 
389,790 00 


Research Account 
Revenue 

Capital— 

Bungalow.s— 

1 Junior Staff Bungalow 
Plus 10% 

Furniture— 

Government Loan 
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Estimated Income 1932: 

Tea Cess 
Tea Sales 


Expenditure 1932 as per Statement 

Approximate shortfall as at 31-12-32 
Estimated Income 1933: 

Tea Cess 
Tea Sales 


Expenditure 1933 as per Statement 

Approximate shortfall as at 3f-12-83 
Estimated Income 1934 : 

Tea Cess 
Tea Sales 


225,000 00 
125,000 00 

- 350,000 00 


310,020 54 
434,390 00 


124,369 46 


230,000 00 
130,000 00 

360,000 00 


235,630 54 
425,240 00 


189,609 46 


235,000 00 
135,000 00 

- 370,000 00 


180,390 54 

Expenditure 1934 as per Statement ... 377,702 00 

Approximate shortfall as at 31-12-34 ... 197,311 46 


, A. W. L. TURNER, 

• t ’ 

Kandy, 16th February, 1930. Secretary, 

Appendix B 

ST. COOMB’S ESTATE 


INSPECTION REPORT 

VISITED 4TH JANUARY. 1930 

SUPERINTENDENT: MR. JOHN. A. ROGERS 


ACREAGE STATEMENT 

A. 

R. 

F. 

Tea in full bearing 

165 

0 

16 

Tea in partial bearing 

4 

0 

00 

New clearings 

65 

1 

07 

Fuel clearings ^ . 

4 

1 

18 

Reserve for planting, Waste land, Building sites 

184 

3 

16 


428 

2 

16 
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Estimate 

1929 

CROPS 

120,000 Ib. 

Made Tea 

Secured to 

31-12-29 


103,257 lb. 

Made Tea 

Secured to 

31-12-28 


115,920 lb. 

Made Tea 


Decrease ... 12,663 lb. Made Tea 


Yield per acre on 165 acres To date ^ ... 625 lb. 

Same date 1928 * ... 703 lb. 

Same date 1927 ... 672 lb. 

* • 

The season closes with a decrease of some 12,663 lb. less than the 

previous year. The principal reason for shortag-e being the climate condi¬ 
tions. The latter end of 1928 was exceptionally short of rainfall, and now 
we have for 1929 the shortest rainfall in Dimbula for 35 j^ears. 

Another reason which will not occur again, is that owing to hard 
plucking, the fields in their third year from pruning were played out, and 
^eady for the knife six months before they were due. 

RAINFALL 

To 31-12-29 ... 76T2 inches. No. of w^et days 220. 

To 31-12-28 ... 80*42 inches. No. of w^ days 192. 

Decrease 4*30 inches. Increase 28. 


LABOUR 

At the end of December the force consisted of: 

Working Tamils 340 

Non-wwkers and Children 123 

At Coast 6 


Total 469 


on Estate 463 coolies 


Number of coolies recruited this season: 


From India New Coolies 

14 


From India Old Coolies 

10 


Locally ... •• 

123 

147 

Number of coolies Paid off 

33 


Number of coolies Paid off to India 

17 


Died 

1 

51 


Increase ... 

96 


The labour force during the year was in excess of our requirements 
for an Estate of our acreage, but we had to get through so much work for 
the Tea Research side that it was necessary to have a large number of 
labourers. 

There was the usual trouble, when clo.se supervision was brought to 
bear on the field workSj but I am pleased to say, that Mr. Rogers handled 
his labour well, and that things are running smoothly, and labour more 
settled. 

PLUCKING 

Cost to 80*Il-29. 1J?‘80 Cents. Estimate. 14*50 Cents. 

The work on the bushes JStill goes on improving but until all fields have 
been pruned once the fiill benefit of the more careful work will not be felt. 
The improvement to date is very marked. 
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PRUNING 

Progrramme 1929, 68 acres to cost Rs. 12-00 per acre. 

Completed to 31-12-69, 68 acres costing* Rs. 14-54 per acre. 

The progframme was completed at rather over the estimate. This, 
however, could not be helped. More careful pruning had to be done, and 
once the whole Estate has been pruned the work will not be so costly. 

The preisent system is to prune every three years, but it is my opinion 
that when we have the Estate in good order, there should be a return to 
two years’ pruning cy61e. At our elevation the tea in the last seven or 
eight months before pruning gets below par, and we not only lose crop but 
also quality,* and the recovery after pruning is very slow, which points to 
the bushes being played out. 

The plucking also becomes so expensive on fields such as No. 1. 

CULTIVATION. 

MULCHING PRUNINGS 

Programme 1929. 68 acres to cost Rs. 4-00 per acre. 

Completed to 30-11-29. 68 acres costing Rs. 2-82 per acre. 

ARTIFICIAL MANURE 

Programme, 1929, 185 acres to cost Rs. 6-00 j>er acre. 

Completed to 31-12-29, 185 acres costing Rs. 6-32 per acre. 

MIXTURE APPLIED 




Pruning 

2nd year 

3rd year 



Mixture 

Mixture 

Mixture 

Groundnut Cake 


160 lb. 

... 150 lb. 

250 lb. 

Blood Meal 


50 lb. 

50 lb. 

00 lb. 

Sulphate of Ammonia . 


80 lb. 

50 lb. 

... 100 lb. 

Nitrate qf Potash 


50 lb. 

00 lb. 

00 lb. 

Ephosphosphate 


220 lb. 

00 1b. 

00 lb. 

Muriate of Potash 


40 lb. 

00 Ib. 

50 lb. 

Whale Guano 


00 lb. 

... 250 1b. 

50 lb. 

Steamed Bone meal 


00 lb. 

... 100 Ib. 

00 lb. 

Sulphate of Potash 


00 lb. 

50 lb. 

00 lb. 

Total 


600 lb. 

Total 650 lb. 

Total 450 lb. 

Containing 





Nitrogen ... 37*70 

lb. 


46-50 lb. 

34-50 lb. 

P’Acid 59*40 

lb. 


42-00 lb. 

20-00 lb. 

Potash ... 36*50 

lb. 


24-00 lb. 

25-00 lb. 

Cultivation has been carrier 

1 out as 

per estimate. The work was care- 


fully done, the best use being made of what Mulch there was. It is early 
yet to say what the results will be, but I have confidence that the cultivation 
is on sound lines. 

WEEDING 

Spent to 30-11-29 Rs. 5>463-70, cost per lb. Cts. 5*72 per acre Rs. 2-68. 

Estimate, 1929 Rs. 4,440-00, cost per lb. Cts, 3*70, per acre Rs. 24)0. 

Weeded on Estate Account 2,035 acres. 

The whole Estate is in good order and will, I feel sure, remmn so. 
The extra cost is due to Mr. Rogers having to take the whole acreage over 
on estate account. When the Estate is m thorot^h order, the contracts 
win be given <«it again and the coat will be reduced. . : r ^ { 
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ROADS AND BRIDGES 

Spent to 30-11-29 Rs. 507-00 Estimate Rs. 1,155-00. 

This refers to the Mattakellie Road from the main Government road to 
the St, Coomb’s boundary. The work of putting this road in good repair 
is now being carried through, but owing to the lack of favourable weather 
the work has not been coitipleted. 

DRAINS 

Spent to 30-11-29 Rs. 696-84 Estimate Rs. 756-00. 

Are all in order. In the pruned fields extra work has been done 
recutting and opening out the old drains. 

RAVINES AND BOUNDARIES 

Spent to 30-11-29 Rs. 501-39 Estimate Rs. 540-00. 

I'here is much still to be done before it can be safd, that the ravines 
are in good order. Progress has, however, been made, and it only needs 
a little more time and labour. 

GREEN MANURE 

Spent to 30-11-29 Rs. 336-59 Estimate Rs. 895-00. 

'Fhe year has not been a very favourable one for the supplying of 
Dadaps, but what have been planted arc making fair progress. Where 
there are Dadaps much has been done to regulate the shade and get them 
under control. All loppings were forked into the soil. 


PESTS AND DISEASES 

Spent to 30-11-29 Rs. 1,826-17 Estimate Rs. 996-00. 

'Fhis item is much overspent, is due to the very bad state in which No. 1 
field was found after pruning. 

Being a low^ jjit field the work of getting ferns out was hiost difficult. 
I doubt if it was ever done before. The rtx>ting out of old Grevillea stumps 
is done in all fields pruned. 

Mluk Grass which was bad in all fields has been cleaned up in all fields 
pruned since the Estate was taken over. There is still, however, a good 
deal to be done. 

Since my last visit there has been a slight attack of Tortrix. 

MANUFACTURE 

Cost to 30-11-29 14*30 Cents. Estimate 9*50 Cts. 


PERCENTAGES OF GRADES TEA 


B. O. P. 
B. P. 

O. P. 
Pekoe 
Fannings 
Dust 


33*06% 

24*62% 

3*98% 

25 * 627 / 

11*23% 

1*49% 


Total 100*00% 


Manufacture has been started in our own Factory, and I was agreeably 
surprised at the quality of Teas turned out. We had no complaints of 
tainted Tea from oil or Jute Hessian, 









Things are not yet quite straight, and the coolies have yet to be trained 
in their work, but I feel sure St. Coomb’s will turn out very good Tea when 
we get properly under way. 

Percentages and Cost convey very little for the present, as so little of 
our crop was made in our Factory. 

CAPITAL ACCOUNT 

Nurseries. Spent Rs. 7,737-92 Estimate Rs. 7,004-00. 

There have been 30 Maunds of seed put out in the Nurseries and these 
are coming away well. Later in the year the application of a small dose of 
Nursery Mixture would, I think, be beneficial. The surface soil on the 
patna land is not too rich. 

NEW CLEARINGS 

Spent to 30-11-29 Rs. 13,103-12 Estimate Rs. 13,908-00. 

Since my last visit the clearings have been forked and had the applica¬ 
tion of special Artificial Mixture. 

The improvement is so marked (even after such a short period) that 
it can only be regretted, that the clearings were not forked when opened. 

The supplies put in this year are looking very well, and as we are 
getting some useful rain now, it is to be hoped the planting will prove a 
success. 

FACTORY 

Spent to 30-11-29 Rs. 128,580-35 Estimate Rs. 110,525-00. 

The building has been completed, and is a very fine piece of work. 
There are still the finishing touches to be done to improve the appearance, 
such as putting a coat of whitewash or Distemper on the walls in rolling 
room and the painting of the roof. 

There iH difficulty in cleaning up inside until such time as our store 
rooms are built, and there is a lot of materials lying about. 

MACHINERY 

Spent to 30-11-29 Rs. 98,492-27 Estiniate Rs. 126,653-00. 

The machinery was running satisfactorily. The Engines have been 
erected with the greatest efficiency, and the Electrical part of the job is 
one which I do not pretend to know much about, but from the finish of the 
work, and the ease with which the Factory is run, I should say it is all 
very excellent. There are a few minor defects in the Factory which will no 
doubt be rectified. I find too much oil, being thrown from the bearings 
of Driers, and Packer, which is dangerous in a Tea Factory. 

GENERAL 

Being the final visit for 1929, it may not be out of piace, to give a 
short review of the progress made during the year. 

On the field the programme as drawn up was carried through, and the 
work done was given every attention under very difficult conditions, but 1 
can truly say, that progress of bringing the property into first class order 
has well advanced. 

It must be remembered that there was no Clerk of Works, and diat 
the whole burden of the. work, both of the Estate and Research side, was 
carried through by the Superintendent, During the year the following works 
were carried out in addition to routine workk; 
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BUILDINGS 

Factory Site cut and Factory built. 

Packing Material Shed site cut out and building erected. 


Engine Room 

do 

do 

Pump House 

do 

do 

Rice Store 

do 

do 

School House 

do 

do 

Estate Office 

do 

do 

Superintendent’s Bungalow site 

cut out 

do 

Line Rooms 30 site cut 

out and 

do 

Latrines 12 

do 

do 

Tea Maker’s Bungalow 

do 

do 

Tea Reasearch Institute Senior Bungalows (4) 

site cut. 

Do Junior 

do (4) 

do 

Do Laboratory 


do 


ROADS 

* 

Mattakellie Cart Road remetalled one mile. 
Estate Cart Road remetalled f mile. 

Instate Path converted to Cart Road one mile. 
Estiite New Road cut and metalled 10 Chains. 


BRIDGES 


Two erected over swamp and stream. 

The above will give a very cl-car idea of the amount of work Mr. Rogers 
has carried through, and under most trying conditions. I have always 
found Mr. Rogers anxious to help in every way, and he has the best interest 
of the Institute at heart. 


St. Clair Group, 
Talawakelle, 

8th January, 1930. 


(Sgd.) J. W. FERGUSON. 



DEPARTMENTAL NOTES 

PROGRESS REPORT OF THE EXPERIMENT 

STATION, PERADENIYA 

^ __________ 

FOR THE MONTHS OF JANUARY AND 
FEBRUARY, 1930 
TEA 

O WING to the pruning having been started at the beginning of 
September instead of the beginning of October and to the 
north-east monsoon having lasted a month longer than is usual, 
the casualties sustained after pruning have been much fewer 
than usual. 

The writer is of the opinion that October is at Peradeniya one of the 
worst months to prune tea and recommends that when the present trial of 
Indigofera has been allowed to run for another two-year period the time of 
pruning should be re-considered. 

The results of the Indigofera trial to date have been written up and 
submitted for publication in The Tropical Agriculturist, The Agricultural 
Chemist has submitted a separate article on the analytical side of the 
question. 

RUBBER 

A complete round of brown bast treatment has been completed. The 
treatment of each tree is recorded in order that the recurrence of the disease 
on the same trees may be studied at a later date. 

A short article has been submitted for publication in The Tropical 
Agriculturist giving information as to the effects to date of the different 
methods of tapping to death adopted in the rejuvenation experiment. 

COFFEE 

A bulletin entitled “The Cultivation and Commercial Possibilities of 
the Robusta Types of Coffee“ has been submitted for publication. 

CACAO 

Lopping of shade is in progress and a round of pruning was started in 
February. Owing to pressure of other work pruning this year is being 
limited to the removal of suckers and dead wood. 

A round of bark canker treatment by light scraping and painting with 
10 per cent, brunolinum was started in February. 

Manures were applied to the plots under manurial experiment according 
to plan in January. This experiment terminates in April, 1931. 

FODDER CRASSES 

All the old fodder grass plots received an application of cattle manure at 
the rate of 20 cart loads per acre in February. 
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The coconuts in these plots are now occupying more space and it is 
intended to gradually transfer all foAler grasses to the other cn^ of the 
station nearer the’ cattle sheds. The area known as the Panchikawatte 
paddy fields is iiot now used by the Economic Botanist and is available for 
planting in fodder grasses. A part of the area was planted in January and 
further planting will be done in the south-west monsoon. 

CINCHONA 

Plants of Cinchona robusta and Cinchona ledg^^riana from Hakgala 
were planted in plot 25 in June-July, 1929. The present position is as 
follows : 

Alive Dead 

Cinchona robusta ... 16 11 

Cinchona ledgeriana ... ... 77 10 

ATLAS TREEKILLER 

This trial has been concluded and ,the following report was sent to 
Messrs, Lee, Hedges & Co., Ltd., Colombo: 

Tree No, 1. —Three holes bored by augur and Treekitter poured in on 
October 16th, 1^9. 

October 22nd, 1929.—The top of the tree had started to w’ither, middle 
branches still healthy. 

November 20th, 1929.—More branches were dying but the tree was 
still apparently healthy more than half way up. 

December 27th, 1929.—All branches were dead. The tree was still 
green at the bottom but was apparently dying. 

January 29th, 1930.—The trees was dead to the roots. 

Tree No, 2, —A strip of bark about 6 inches wide removed from the 
tree and the Treekiller painted on on October 16th, 1929. * 

October 22nd, 1929.—The appearance of the tree was much the same 
as that of tree No. 1 on the same date. 

November 20th, 1929.—The tree was completely dead right down to 
the roots. 

Tree No, 3, —Control. A strip of bark was removed in the same way 
as from tree No. 2 but no Treekiller was put on. The tree remained 
healthy throughout. 

As far as can be seen from a small experiment with only one tree for 
each treatment the method employed on tree No. 2 seems to kill a sapu tree* 
in about a month while that employed on tree No. 1 takes about three 
months. 


VISITS TO ESTATES 

Visits were paid to thje following estates : Silver Hill and Mattakelly 
in connection with coffee, Talankande and Annfield in connection with 
leguminous plants, and Middleton to see a tea clearing planted in contour 
bulges. 

THE IRIYAGAMA DIVISION 

During January Centrosema pube^ems was sown on the banks of the 
terraces in area 6—the area planted with foreign clones. The mixture ot 
leguminous bush plants , sown in this area had not proved effective in 
checking erosion. 
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The f<)Uowin^ table shows the number of buds that have actually 
sprouted in these imported clones in area 6: 


Clone 

Date of 

Number 

Number of sprouted 

Number 

sprouted 


planting 

plants 

on 31-12-29 

on 28-2-80 

Tj 1 

29-10-29 

60 

46 

55 

Tj 8 

29-10-29 

60 

24 

47 

Tj 16 

9-11-29 

60 

6 

38 

BD 5 

12^10-29 

60 

24 

46 

AVROS 49 

12-10-29 

60 

22 

49 

AVROS 50 

12-10-29 

60 

15 

48 

SR 9 

21-11-29 

60 

19 

47 

H 2 

21-11-29 

60 

29 

53 - 

Eleven 

vacancies were 

supplied in 

February and these 

have been 


watered. 

The extending* of this clearing is in progress to accommodate the 
remainder of foreign clones selected for testing. 

The following stumps were received on 24th January, 1930 to replace 
failures in a previous consignment: 


AVROS 

50 

12 

AVROS 

49 

5 

BD 

5 

19 


'Phese were planted in a nursery. 

An area of waste land at the end of the nui series has been allotted for 
c(K>ly gardens. 

Tenders have been invited for the erection of another 10-rooni set of 
permanent lines. 

T. H. HOLLAND, 

* Manager, 

Experiment Station, 
Peradeniya. 
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ANIMAL DISEASE RETURN FOR THE MONTH 
ENDED 31st MARCH. 1930 


Province, &c. 

Disease 

No. of 
Cmcsup 
to Date 
aince 
Jan. 1st 
1930 

Ftesh 

Cases 

Reco¬ 

veries 

smi:»a 

Bal¬ 

ance 

III 

N<i. 

Shot 

Western 

Rinderpest 

Koot-jind-mouth disease 
Anthrax 

Piroplasmosis 

Rabies. (Dogs) 

277 

153 

150 

71 

34 

138 

• 

199 

10 

16 

5 

• •• 

28 

Colombo 

Municipality 

Rinderpest 

Foot-and-mouth disease 
Anthrax 

Haemorrhagic 

septicaemia 
Black Quarter 

Rabies (Dogs) 

4*16 

1 

3 

2 

7 

217 

1 

1 

2 

296 

*8 

1 

3 

2 

lit 

1 

*7 

Cattle Quarantine 
Station 

Rinderpest 

Foot-and-mouth disease 
Anthrax (Goats) 

168* 

104 

... 

168 


... 

Centra] 

Rinderpest 

Ko<^t-and-mouth disease 
Anthrax 

Rabies (Dogs) 
Haemorrhagic 

septicaemia 

497 

1 

99 

359 

2 

136 


Southern 

Rinderpest 

Foot-ind-moutl: disease 
Anthrax 

259 

7l’ 

... 

239 

6 

1*4 

... 

Northern 

Rinderpest 

Foot-and-mouth disease 
Anthrax 

1779 

_ 

1 

... i 

991 j 

1709 

... 

- 

... 

Eastern 

Rinderpest 

Foot-and-mouth disease 
Anthrax 

88 

j 

i 

86 

*2 1 

! 

i 

... 

... 

North-Western 

Rinderpest 

Foot-and-mouth disease 
Anthrax 

Piroplasmosis 

2767 

4 

627 

1 

3 

2102 ; 

1 

“603“ 

North-Central 

Rinderpest 

Foot-and-mouth disease 
Anthrax 

1069 

s 

905 

24 j 

140 

... 


Rinderpest 




' 



Uva 

Foot-and-mouth disease 

72 

13 

59 

1 

13 


Anthrax 

Haemorrhagic 


... 


i 




septicaemia 

... 




... 

... 


Rinderpest 

43 

18 



... 

... 


Foot-and-mouth disease 

1033 

172 

806 

7 

220 

... 

SabaragamuwH 

Anthrax 

Haemorrhagic 

••• 







septicaemia 

8 



8 


... 


* 1 case in a buffalo 
0. V. 8. Oflk*, 

Ceiembo, 9|h April, 1930. Q. W. 8TURGESS, 

Governmeni Veterinary Surgeon. 
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tmtB&movmmAL report 

MAmcH, mm 


Stetien 

1 I'etTiperature 

Hiimiditv 

'Z 

*g‘S 

< 

1 Kaintall 

J 
s§ 
= s 

5? 

Dif¬ 

ference 

from 

Average 

s| 

s 

fereuce 

troiu 

Aveiadc 

1 

'Night from 
M minium) 

Amount 

c c t 

Q 


& 


0 

o 

‘>6 

■5 


loohcs 


ItlCiltH 

Colombo 

88 M 

+ 09 

74‘1 

+ 08 

68 

93 

64 

2 67 

7 ! 


215 

Pattalam * - 

89 3 

+ 0 5 

73 0 

+ 06 

67 

93 

5*0 

2 42 

4 1 


0*55 

Mannar 

90’7 

+ 0*8 

74*9 

+ 02 

66 

90 

1 6*6 

0 89 

2 

— 

0*60 

Jaffna 

88-i 

+ 05 

76* 1 

+ 0 1 

70 

88 

' 54 

0 63 

2 

— 

0*55 

Trincomalee - 

85 4 

—06 

76*4 

+ 06 

74 

86 

44 

2 30 

5 

•h 

0*60 

Batticaloa 

86’1 

+ 03 

75 2 

+ 02 

75 

93 

5*4 

0*43 

5 1 

- 

2*76 

Hambantota > 

862 

—1 0 

737 

0 

75 

93 

45 

607 

13 

-h 

3 55 

Galle 

86'0 

-02 

73* 1 

+0 1 

76 

91 

5*9 

8 54 

12 ' 

-h 

3*87 

Ratnapura 

A’pura 

92 0 

+ 20 

73 0 

—0*2 

70 

93 

oO 

10 23 

23 1 

4- 

1 2S 

9o;5 

— r9 

72 0 

+ 06 

64 

95 

7*2 

7 79 

7 1 

+ 

4*91 

Kurunegala - 

91 9 

— 1 0 

70 7 

+ 08 

64 

93 1 

6*6' 

5 46 

7 1 

+ 

0 22 

Kandy 

87‘4 

+ 0*6 

68 0 

+ 0*8 

68 

92 

5*6' 

10*39 

10 


6 30 

Baduila 

82‘4 

-0 1 

64*6 

+ n 

70 

94 

5*4 

4 38 

n 1 


0 30 

Diyatalawa - 

77'9 

+ \'6 

56 4 

—1*5 

66 

88 

6*4 

5*13 

8 > 


0 79 

Hakgaiu 

74'7 

+ I‘3 

530 

+ » 5 

68 

88 

5 1 1 

4 35 

9 1 

— 

1*23 

N’Ehya 

7r4 

+ 0*3 

46*4 

+ 0*5 

64 

90 


2 25 

9 1 


1*28 


The rainfall of March did not differ greatly from normal, and at more 
than half the stations the month’s figures were within 2 inches of their 
average- The chief areas in which the rainfall was appreciably more than 
2 inches abpve average were in the centre of the Southern Province, in the 
Pusaellawa district, and near the Southern limit of the main hills. One 
or two stations further North showed the same thing, e.g., Kandy and 
Anuradhapura, but in these cases the distribution was more erratic, a natural 
result in a month like March, in which local thundershowers are one of the 
chief sources of rain. 

Deficits were rather more frequent, and exceeded 5 inches in the 
Rangalla district and at a few stations in the Kelani Valley. Cases of 
dehctts of between 2 and 5 inches were common in the W.P., N-W.P., Sab., 
Uva and the E.P. 

The highest total for the month was 23*58 inches at Urubokka, which 
station also recorded the highest figure for 24 hours, viz., 5*80 inches on 
the 26th. Other stations with over 20 inches were Anmngkande ami 
Morawaka. 

Temperatures were on the whole above average, but the excess was 
was decidedly more marked in the case of those by night, than those by day, 
a fact that is the natural concomitant of the amount of cloud having been 
above average at altnost all stations* 

Pressure was consistently below the March average- As the average 
pressure shows successive decrease from January to June, this fact may be 
regarded as an indication that the season is ahead of, rather than behind its 
norma! time-table, a soggestion ,whmh received some support from the 
figures for duration of sunshine. ^ 

A. J. BAMFORD, 
Superintendent, Obsoivatoxiy. 
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EDITORIAL 

HEVEA BUDWOOD 


T he increasing interest of the planting community 
of Ceylon in the improvement of yields of rubber 
by budding has led to a demand for budding 
material. Unfortunately the value of propagation 
of Herca by budding has not been fully appre^jiated in 
Ceylon until recently and, in consequence, we are some¬ 
what handicapped by the fact that there are no locally- 
grown mother trees which have been proved by experiment 
to transmit their high-yielding characters by means of 
their bud wood. 

The attention of readers of The TroNcal Afiriciilturist is 
drawn to the difference between proved and unproved 
material. Budwood and budded stumps from certain Dutch 
clones, such as those from Tjirandji, Bodjong Datar and 
A. V. R. 0. S., are proved material. The budded clones 
of these mother trees have been tested by tapping for 
some years and the results have shown that Wdwood 
from these clones is satisfactory. In the selection of these 
clones a number of others, of which the mother trees 
were presumably high-yielders, has been discarded. Pros¬ 
pective buyers of budwood or budded stumps of these 
clones would do well to ask for guarantees that their 
purchases are genuine. When the buddings are a few 
years old, clones may be distinguished by certain vege¬ 
tative characteristics and the possession of a guarantee 
would be valuable in the event of a misrepresentation. 
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The purchase of unproved budwood entails some 
risk. Unproved budwood is obtained from mother trees 
which have been selected on their yield of rubber. A 
proportion of such mother trees may be expected to give 
high-yielding clones but, on the other hand, a proportion 
will probably give unsatisfactory clones. It is not sug¬ 
gested that local unproved material should be avoided. 
If the buyer appreciates that it is unproved he can make 
arrangements accordingly and plant up his area in such 
a way that, should one or more of the unproved clones 
eventually be unsatisfactory, such clones might conveni¬ 
ently be removed. It is obvious, however, that unproved 
material should not cost so much as proved material. 
In addition, a buyer of budwood from unproved trees 
should be furnished by the vendor with a certificate to 
the effect that the budwood is from a certain mother 
tree, together, with yield records of the mother tree up 
to the date of purchase and with a promise of records 
of the clone when the results of test tappings are available. 
The provision of such records should not be difficult 
for a bona fide vendor and would enable the purchaser 
to take advantage of subsequent information as soon as 
possible. 

In regard to the cost of budwood it is not the wish 
of the Department of Agriculture to undersell private 
agencies. It is appreciated that owners of commodities 
for whicli there is a strong demand should be able to 
reap the advantages of their foresight. With the advent 
of competitors and the increased local supply of bud¬ 
wood prices are bound to fall to an economic level. As 
an indication of the relative value of proved and unproved 
budwood it may be stated that the price of budwood 
which will be available at Peradeniya in October of this 
year has been tentatively fixed at Rs. 15/- per yard for im¬ 
ported proved clones and Rs. 6 per yard for H2 and other un¬ 
proved clones selected from trees owned by the Department 
of Agriculture, all of which are being tested experimentally 
at Iriyagama. 



263 


CITRUS 

THE PRESENT POSITION OF ORANGE 
AND GRAPEFRUIT CULTIVATION IN 
CEYLON WITH SUGGESTIONS FOR ITS 
IMPROVEMENT 

T. H. PARSONS, F. L. S., F. R. H. S.. 
CURATOR. ROYAL BOTANIC GARDENS. PERADENiYA 

1. PRESENT POSITION 

O F the publications, particularly in recent years, on 
the culUiral requirements of the orange and 
grapefruit, few if any, are entirely applicable to 
Ceylon, and it is difficult for the would-be 
grower of these fruits in this country to ascertain firstly, 
the type or the types suitable to his elevation, rainfall and 
soil conditions, and secondly, the subsequent methods of 
cultivation whereby an investment in growing either of 
these fruits has a fair chance of proving remunerative in 
a not too distant future. 

Dealing first with the orange. The Empire noarketing 
Board in a recent publication by their Statistics and Intel¬ 
ligence Branch (E.M.B. 13) shows the principal countries 
of orange production, in order of numerical importance, to 
be Spain, California, Florida, Japan, Italy, Brazil, Pales¬ 
tine, Algeria, N. S. Wales, Paraguay, South Africa and 
Porto Rico. The production varies from 1,117,000 tons for 
Spain to 13,000 tons for Porto Rico, and there are thirty 
three other countries producing or exporting amounts under 
12,000 tons of these fruits per annum. It may be obsei-ved 
here that 99 per cent, of the world’s orange production 
is found between latitudes 20® and 40® in both northern 
and southern hemispheres, and only 1 per cent, between 
latitudes 20® north and south of the equator, the latter 
applying to small productions of this fruit in Jamaica, 
Costa Rico, Honduras, India, Bahia, Queensland, the Society 
Isles, Columbia, Ecuador and Tropical Africa. 

It would appear from this that Ceylon, being situated 
between latitude 6® to 10® north of the equator, does not 
come within a normal orange growing belt, and that the 
success of orange cultivation on any large scale within 
her latitudes is problematical. There are however certain 
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factors which counteract this apparent disadvantage to a 
considerable de^ee, and these Ceylon possesses in its 
highland areas with their varying conditions of rainfall and 
temperature and of soil. The fact that Jamaica under 
conditions similar to those of the low and mid-country 
of Ceylon is increasing its annual production of oranges 
(some 796 acres being devoted to this crop during 1927-28) 
indicates that the cultivation of such in Ceylon should, if a 
suitable type or variety of fruit is obtained, and proper 
cultural methods applied, be successful. 

2. STOCKS SUITED FOR THIS COUNTRY 

The common orange of Ceylon, especially when not 
cultivated with some care, yields a fruit often coarse, thick 
skinned, and invariably green when ripe, due principally 
to a tropical environment combined with a too heavy rain¬ 
fall and lack of proper drainage and cultivation. As is the 
case with most other good fruits, succestful propagation of 
the orange and grapefruit is best attained by means of 
budding and grafting. The impression however that a 
budded or grafted tree must of necessity be superior to a 
seedling is wrong, as much depends on the quality of the 
fruit tree from which the bud or graft is obtained, its 
suitability to the stock on which it is used, the hardiness 
of the stock, its disease resistant qualities, and its adapta¬ 
bility to the scion for which it is to be used. Hardiness, as 
generally understood, is the power of the stock to resist 
cold conditions, but in this case a stock possessing qualities 
to resist heat and moisture and the lack of any dormant 
season, is called for. 

Small importations of budded or grafted oranges, mostly 
of the Washington Navel variety, have been made by Ceylon 
residents for many years past, and the selection of this 
type is a wise one. The attention paid to the question of 
on what stock these Navels are budded is rarely, if ever, 
enquired into, yet with the varying conditions of climate 
and soil existing in Ceylon, it is probably the most essential 
point to keep in mind. 

The most hardy and vigorous stock suited for these 
conditions in respect to both orange and grapefruit should 
be tried in Ceylon, and these are as far as present experi¬ 
ences go, the sour or Seville orange, the pumelo, and the 
Nataron variety of the lemon. The sweet orange was at 
one time a universal stock in Florida, California, the 
Mediterranean countries and Australia, as it has a well 
developed root system and rapidity of growth, but owing 
to its susceptibility to A/a/ di goma its use has been largely 
discontinued, and the pumelo and sour orange have been 
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utilised. The latter is of particularly robust growth, pro¬ 
bably the most vigorous species of the genus; the root 
system is well developed, and it is believed to be immune 
from root rot. Hume, in The Cultivation of Citrus fruits states 
“ It is safe to say that over seventy-five per cent, of the 
world’s output of citrus fruits is produced by trees on sour 
orange stock.” 

In Ceylon, both sour orange and pumelo are available 
and appear to meet all the requirements of a perfect stock 
under the conditions experienced at Peradeniya, where both 
soil and drainage are extremely poor, and the Nataron 
thrives almost as well. 

The general conclusions arrived at in experiments 
undertaken at Peradeniya are that the sour orange and 
pumelo are stocks best suited to the low and mid-country 
of Ceylon under moist conditions, whilst the soyr orange and 
Nataron should prove best for up-country and semi-dry re¬ 
gions, with Nataron as preferable for the dry regions proper, 
under irrigation. The indigenous Atalantia Missionis, the 
“ Pamburu ” of the Sinhalese and “ Kuruntu ” of the Tamils 
should also, in the writer’s opinion, prove an excellent stock 
for dry and semi-dry districts, as it is a seemingly disease- 
resistant relative of the orange; but this tree, like most of 
the indigenous Rutaceac is a native of the dry regions, and 
does not grow well under the moist conditions of Peradeniya, 
and little can be made of it here. . 

Additional stocks that are under trial in the Botanic 
Gardens at the moment include Citrus Hystrix, a local semi¬ 
wild species, Citrus megaloxycarpa a locally-planted species 
but not yet found wild, and Citrus mtiis, which is reputed 
to be disease-resistant. It is anticipated that these will 
afford additional resources in stock supplies to meet the 
varying requirements of the different parts of Ceylon at a 
later date. 

3. ORANGE GROUPS AND VARIETIES 

Of the oranges generally in cultivation, four main 
groups are recognised, the Spanish, the Mediterranean, the 
Blood and the Navel, and of those so far tried in the Island 
the Navel predominates. With the types of stock available 
and the varying conditions experienced in the Island, selec¬ 
tions from other types might well be tried with advantage. 
It is well to remember however that the best orange grow¬ 
ing districts in Ceylon are those of medium elevation 
possessing moist to semi-dry conditions. 

Of Spanish oranges a wide selection is available and 
va-rieties such as Boone, Enterprise, Non-pareil and Parson 
Brown should be suitable. Enterprise being a seedless 
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variety. Of Mediterranean oranges, good varieties are 
Bessie, Exquisite, Lue Gim Gong, Majorca, Pineapple and 
Valencia and small consignments of this group are already 
on trial in Ceylon. The Blood oranges ^re generally con¬ 
sidered of high quality and possess few seeds, though the 
fruit is generally smaller than oranges of the other groups. 
The varieties probably best suited to Ceylon would be Ruby 
and St. Michael. The Navel group of oranges are generally 
recognised by the peculiar umbilical formation on the apex 
of the fruit and it is this type that is generally imported by 
Ceylon residents. The best varieties of this group for 
general cultivation are the Washington Navel, Surprise 
and Sustain, the latter and Washii^ton Navel being seed¬ 
less, and for Ceylon the Washington Navel would most 
probably not be beaten. 

• 4. GRAPEFRUIT VARIETIES 

In respect to grapefruit cultivation, low-country to 
mid-country districts of the Island are more suitable than 
higher elevations. It has been mentioned before that 
medium elevations are requisite for the best results in 
orange cultivation, but a warmer temperature and a larger 
amount of moisture are generally necessary for grapefruit, 
though sheltered pockets up-country are also to be recom¬ 
mended. 

The* stocks suitable for this type of citrus are again the 
sour orange, the pumelo and Nataron. Buds established on 
these stocks have made vigorous and shapely growth, and 
all the three are to be recommended, provided good drain¬ 
age is afforded the plant. The additional species already 
mentioned may possibly furnish other useful stocks suited 
to the various conditions. Minor experiments only have 
been laid down so far with the object of determining the 
value of a certain stock for a certain variety of citrus. 
Until a greater variety of material in the way of budwood is 
available experiments caiinot well go further. The grape¬ 
fruit is a comparatively recent acquisition to Ceylon, 
though the two original trees introduced to the garfens 
date back to 1897 and others at the Experimental Station, 
Peradeniya to 1910. It is from these trees and from the 
tree at Kegalle park that the budwood for experiments to 
date has been obtained. 

Among favourite varieties of grapefruit at the present 
time of which plants have of late years been imported for 
trial in Ceylon are Duncan, Foster, Marsh’s Seedless, 
McCarty, Pernambuco, Triumph and Walters. The first 
three named do well in Jamacia and Porto Rico soils, and 
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on observations made to date the Duncan and Marsh’s 
Seedless appear suitable types with which to persefvere in 
Ceylon. 

5. PROPAGATION AND PLANTING 

Both the orange and grapefruit are now propagated 
chiefly by means of budding, for as mentioned before, the 
fruit of seedling trees cannot be depended on to result in 
uniform specimens, and numerous different types of fruit 
will invariably be observed in even a small group, of trees. 
But variation seems a common phenomenon in the genus 
Citrus. 

Good seedlings of the sour orange, pumelo or Nataron 
for stock purposes are the first necessities and two points 
should be observed, firstly, that the seed is obtained from 
fruit thoroughly ripe, and secondly, that the fruit is from 
perfectly sound and healthy trees. Only. plump heavy 
seed should be selected, the lighter seed being discarded; 
the seed should not be allowed to dry, and should be washed 
before planting. 

Seed beds should be prepared in a sheltered position 
with good soil and ample drainage. The beds should be 
well dug and the soil pulverised, adding a fair proportion 
of cattle manure and removing all coarse stones, leaving 
a good friable surface in which to plant. The width of 
the seed bed should not exceed four feet, this allowing 
attention in weeding and cleaning without tranipling the 
beds. Seed should be sown in rows one foot apart, and 
one foot between the rows if for direct budding, a proce¬ 
dure carried on quite successfully at Peradoniya, but seed 
sowing at two inches apart in the row and six inches 
between the rows is generally adopted if the seedlings are 
to be transplanted before budding, the latter system being 
the best generally. The beds should after sowing of the 
seeds be shaded in the mid-day hours for the first few 
weeks and should be watered only when dry, the bed 
surface being frequently stirred to allow ample aeration. 

Transplanting should take place when the seedlings 
are approximately eight inches high, these being then 
planted out in rows at from fifteen to eighteen inches 
apart and the same distance between the rows. Particular 
care will here be required to ensure as little check as 
possible to the growth of the plants and that the strongest 
and best of the seedlings only are used, all weak and un¬ 
healthy plants being rigorously discarded. 

Budding can be undertaken at a point five to six inches 
above ground level when the seedlings have attained the 
thickness of a lead pencil. The best season for budding 
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varies with the different localities, but in general those 
months with light to moderate rainfall give most satis¬ 
factory results, or in other words avoid budding durin,ii 
the periods when heavy monsoon rains are experienced, and 
in times of drought. 

When selecting budwood, all angular shaped shoots 
should be avoided and buds should be obtained only 
from well matured round wood of the previous season’s 
growth.. It is perhaps unnecessary to add that budwood 
should be taken only from those trees showing healthy 
growth and whose good bearing qualities and flavour of 
fruits are known. As bud variation occurs in both orange 
and grapefruit the practice of obtaining budwood from 
young trees that have yet to fruit, even though they 
may have been budded from good parent trees, is not 
recommended. 

The rectangular patch, the T-budding and the inverted 
T, are satisfactory modes of budding for both oranges 
and grapefruit, and the bud-shield should be half an inch 
to three quarters of an inch long. The bud when cut 
from the budstick should be immediately inserted in the 
cut in the stock, every care being taken not to injure 
the cambium surface of the bud, and the bud union then 
wrapped fairly firmly with waxed cloth. After ten or 
twelve days the wrappings should be loosened and after 
three weeks the wrappings can be removed. If the union 
is successful the stock should be shortened to allow its 
vitality to be transmitted to the dormant bud and hasten 
its development. As the new bud develops the top of 
the stock will eventually die back to the point of junction 
with the scion and should then be cut away with a 
sharp knife and the cut treated with a preservative. 

Transplanting of the budded plants to permanent 
quarters can be undertaken at twelve months from budding. 
Showery weather should be selected for this operation. 
Good holes, three feet by three feet should be prepared 
and refilled with a mixture of good soil and well rotted 
cattle manure, and plantings made at distances of 15 to 
20 feet apart for oranges, and 20 to 25 feet apart for 
grapefruit. Care should be taken not to insert the young 
plant in the bed too deeply and it is better to plant high 
to allow for sinking of the bed, the crown roots appearing 
just above ground level. Shading and regular watering, 
should the weather be dry for the first few weeks from 
planting, must be made. The staking of the plants at this 
junction is imporl;ant for the eventual shaping and develop¬ 
ment of the tree, and stout stakes should be used. 
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As the bud grows a standard habit should be encou¬ 
raged and all side growths should be rubbed off as they 
appear. As the young buds reach the desired height, 
that is 36 inches from the ground, they should be topped 
by cutting back to 24 inches from the ground to allow 
side branches to develop. The topping will result in 
several shoots being] thrown out and four or five of the 
strongest should be selected, and the rest removed. 

6. CULTIVATION 

As a general rule citrus will do well in most soils, 
but a heavy soil through which water does not perco¬ 
late easily, or which is constantly moist, is a decidedly 
unsuitable soil for both the orange and the grapefruit. 
Good drainage is undoubtedly one of the most essential 
requirements of these plants. Depth of soil is another 
necessary requirement for both types, each being a more 
deep-rooted subject than is generally imagined -and poss¬ 
essed of a strong taproot. A shallow soil is unsuitable 
as the trees fail to develop and will stagnate at an early 
age, and soil at least 36 inches in depth is required. A very 
light sandy soil should similarly be avoided, especially 
for grapefi'uit, since with a deficiency of plant food excep¬ 
tionally heavy quantities of manure would be required 
and cost of production would be excessive. 

Light soils that have become salt owing to irrigation 
without proper drainage are injurious to most plants, 
and especially so to all species of Citrus. Though Ceylon 
soils are usually poor the composition varies greatly; 
that in the sea coast areas being generally of a gravelly 
to sandy nature with a lai'ge proportion of laterite, whilst 
those inland are mostly of reddish clay with a proportion 
of laterite. Up-country soils are generally of a more 
loamy character with a varying proportion of humus, 
whilst soils of the Jaffna peninsula are more often of a 
hard clayey nature. The semi-dry regions of Ceylon pro¬ 
vide varying soils, in some places hard and poor, and 
in others deep and black. 

Up to date cultivation in the direction of deep tren¬ 
ching and judicious manuring should render the majority 
of Ceylon soils suitable for citrus cultivation. Rainfall 
is an important factor but experiences in this respect as 
to the requisite amount varies greatly, as quite useful 
crops of the Washington Navel orange have been obtained 
without irrigation in districts receiving only 45 inches of 
rain per annum whilst on the contrary, good crops are 
obtained at Eangalla with 168 inches annual rainfall. The 
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difference is remarkable, but the latter trees were obser¬ 
ved to be planted on fairly steep laud which doubtless 
counteracted to a large degree the results of the high 
rainfall. 

Given a choice however of locality and conditions 
for first rate orange cultivation in Ceylon, a site between 
an elevation 1500 feet to 5000 feet with gently sloping 
land of alluvial soil at least three feet deep (the deeper 
the better) combining thorough drainage, a rainfall of 45 
to 75 inches, and protection from strong wind, would be 
ideal. 

For grapefruit cultivation the elevation most suitable 
would be from sea level to mid-country and should not 
exceed 4000 feet unless exceptionally well protected. A 
site should be selected ‘with deep soil on sloping land 
with ample drainage, and a rainfall of anything over 60 
inches, equally distributed, but with a rainfall of over 
120 inches per annum a good system of drainage is im¬ 
perative. 

The budded plants having been established in perma¬ 
nent quartei-s as described under the head propagation 
and planting, subsequent methods of cultivation, manur¬ 
ing, pruning, etc., remain to be considered. In respect 
to small groups of a few trees planted as is generally the 
rule wi,thin the compound area of the ordinary Ceylon 
resident, catch crops of vegetables could be raised for 
the first few years if the area immediately surrounding 
the newly-planted trees is not encroached upon, but this 
should cease on the trees attaining the age of approxi¬ 
mately years from planting, and earlier if the trees 
are observed to be making very rapid growth. Where 
groves are planted on estate commercial lines the sowing 
of cover crops best suited to the locality is advisable. 
This obviously not only shades the bare land from the 
sun but when these crops are forked in humus is added 
and the condition of the soil greatly improved. In this 
case also an area around the planted trees of at least 
3 feet from the stem should be kept open to allow periodi¬ 
cal manuring and treatment of the prepared beds. 

7. MANURING 

Citrus plants have no recognised dormant season in 
Ceylon and the roots are active throughout the year and 
have consequently to be fed. The correct manuring prin¬ 
ciples to adopt in regard to both orange and grapefruit 
have yet to be exactly ascertained, but where organic 
manures are available these should be applied in view 
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of the lack of humus generally in Ceylon soils. Manuring, 
by application of well-rotted cow manure, should preferably 
be undertaken twice annually once the trees begin to make 
headway; at the beginning of each monsoon, in May 
and in October; and mulched with dry leaves or grass 
at the beginning of each dry spell, at the end of January 
and the end of July. 

Should cattle manure be available in insufficient quan 
tities, artificial manures should also be used. The necessary 
elements of plant food are nitrogen, phosphorus and potash, 
and the proportion of each to be added to the soil in 
any locality must necessarily vary with the quality and 
the composition of the soil in which the trees are planted. 
Two of the rules governing the adaptation of fertilisers 
to crops should here be borne* in mind (a) for leaf and 
growth production a predominance of potash and nitrogen, 
and (b) for fruit production a preponderance . of phos¬ 
phoric acid and nitrogen with less potasht han the preceding. 
Very little information is available however with regard 
to the quantity of artificial manure that should be applied 
per annum to attain the best results, but as a general 
rule 600 lb. to 800 lb. per acre per annum should be 
suitable and sufficient for the trees in full bearing (the 
equivalent of 6 to 8 lb. per tree) smaller applications 
being made for the younger trees Where soil conditions 
can be considered fairly normal, i.t., not excessi'vfely poor 
a good general mixture is recommended by the Government 
Chemist, Peradeniya, as follows; 

1 part Sulphate of Ammonia 
1 „ Superphosphate 

1 „ Steamed bone meal 

1 „ Sulphate of Potash 

this in addition to small quantities of well-rotted cattle or 
green manures. The application of such manures should 
be made preferably just before the mins by scattering 
by hand round the trees from a radius of 18 inches from 
the stem to 18 inches beyond the outside spread of the 
branches, and lightly forking the dressing in. If no rain 
is experienced, watering in of the manure should 1^ 
undertaken early. 

8. PRUNING 

If properly headed at the planting stage as mentioned 
under propagating and planting, little pruning of the 
orange and grapefruit is needed later. The tree should 
m>i at any time be allowed to become too dense, such 



being remedied by the removal of any undesirable branches 
at a young stage, the object in view being the formation 
of a shapely well balanced tree from which ail dead, 
decaying, and injured wood is regularly removed. A well 
shaped citrus tree would be one with a main stem 2 feet 
high with not more than four or five main branches, 
and these branches should be allowed to carry just suffi¬ 
cient subsidiary branches to form the framework of the 
tree. All others are quite unnecessary and should be 
removed. All limbs should be properly spaced so that 
circulation of the air to the inside of the tree is possible. 
Too many branches mean crowded and weak growth 
resulting in crops of small fruit, and through lack of 
proper ventilation, liability to many diseases and pests. 

9.. CROPS 

Normal budded plants of both orange and grapefruit 
should begin to produce fruits about the fourth year 
from planting and reach full production at the tenth or 
twelth year from planting. Crops will of course vary 
according to the type of tree, the health of the tree, 
and the cultural methods afforded it. The commercial 
orchards of other countries in respect to the Washington 
Navel orange show the crop, at the fourth year from 
planting" and the first year of, fruiting, to range from 
one or two fruits per tree up to thirty fruits, and at 
the tenth year from planting anything from 300 to 600 
fruits; an outstanding specimen of some age would 
however produce well over 1000 fruits per annum. Whether 
such crops will apply to local conditions it remains to 
be seen, and much must depend on securing a suitable 
variety of orange at the outset. 

Little information with regard to the probable annual 
yields of grapefruit in Ceylon can be given since the 
cultivation of this fruit is distinctly in its infancy here, 
but from the data available on crops of other parts of 
the world a yield of 350 to 500 fruits of average size 
per tree at maturity is generally considered a fair 
crop. Too much reliance cannot be placed at this stage, 
however, on such figures as likely to represent yields 
in Ceylon, and it is of importance that present and 
prospective growers of this fruit should endeavour to 
obtain accurate individual yield records of their trees for 
three or four years. The unit of production should be 
the individual tree, for with citrus, as witl^ most other 
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good fruits, there are good yi'elders and poor yieiders, though the 
variety grown may be of the best. The poor yieiders are being 
maintained at a loss to the growers, ancl if proved material is 
available for subsequent plantihgs the returns of a plantation or 
garden would be greatly increased. A plantation as a whole 
may produce a satisfactory crop but if a proportion of the trees 
are not bearing well the production is obviously not as high as 
it should be. 

10. DISEASES 

On the subject of diseases the Acting Government Mycolo¬ 
gist, Peradeniya, has supplied the following in respect to the 
four chief diseases of citrus in Ceylon: 

1 Citrus Canker (Pseudomonas citri). —Citrus canker may 
be regarded as the most serious disea.se of citrus in Ceylon. It 
is more common in the wetter zones of the island, it havitig been 
shown that free moisture combined with temperature above 80°F 
supply the conditions most favourable for its spread. The 
.symptoms of the disease are well known and consist of tan 
coloured corky eruptions in the middle of vellowi'sh spots on green 
leaves, twigs and fruits, while in older stages cankers occur on 
twigs and stems. 

Control Measnres. — (i) The use of windbreaks of trees which 
prevent the dissemination of the casual organism by the wind 
and which prevent the whipping of the foliage, is of great assi's- 
tance. (ii) In some instances new foliage growth* may be 
stimulated during dry periods unfavourable to canker infection 
thereby escaping some infection. It has been shown that infec¬ 
tion takes place much more readily on young leaves, (iii) 
Pruning out infected twigs and foliage during the dry season to 
eliminate .sources of infection has been shown to be of value, 
(iv) .Spray applications lessen materially canker infection and 
also serve to control other diseases. A very convenient spray 
compound is a proprietary lime-sulphur spray known as ‘Sulfi- 
nette.’ This liquid is convenient to u.se and does not clog the 
nozzles of spraying outfits. Spray programmes should be 
worked out for individual gardens. The spray employed should 
consist of a 1-2% solution of ‘Sulfinette.’ (v) It has been .shown 
in Ceylon that canker often starts in the tissue injured by a leaf¬ 
mining caterpillar (Phyllocnistis citriella) and endeavours should 
be made to control the ravages of this insect, (vi) The use of 
resistant species and varieties is strongly recommended. 

2 Mildew. —^The orange mildew (Oidium iin^tanium) 
causes some damage to young shoots of oranges. It is a white 
powdery mildew and can be controlled readily by spraying with 
the spray fluid recommended for citrus canker. 
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3 Pink Disease {Corticmm salmonicolor). —Pi'nk disease is 
a bark disease occurring on stems at or near forks and preventive 
treatment should aim at protecting these places. Peri'odical 
spraying, if applied to stems, will prevent the disease. 

Branches on which the disease occurs should be pruned out 
at least 9 inches below the obviously affected ti'ssue and the 
resultant wounds tarred. Provided that these sources of infec¬ 
tion are removed,' spraying will render the disease innocuous. 
It is not suggested that spraying should be undertaken for this 
disease alone, but that the stems should be sprayed for the 
control of citrus canker. 

4 Die-hack. —The cause of the die-back of citrus trees is 
not certain. It would appear, however to be associated with 
unfavourable environmental conditions particularly in regard to 
root development, root aeration and lack of cultivation. In 
India die-back of this type has been successfully overcome by 
digging trenches 3 feet deep, at a distance of about 6 feet from 
the trees, or, in plantations between the rows in both directions, 
and filling the bottom foot or so with stones, bricks and plant 
refuse and the remainder with original soil mixed with manure. 
In the instance cited treated trees gave 30 times as much fruit as 
untreated. It is extremely likely that similar treatment will 
prove to be of value in the compact lateritic soils in Ceylon. 

1 T. INSECT PESTS 

SpaQe allows only the briefest reference to the main insect 
pests of citrus in Ceylon ^nd the Acti'ng Government Entomo¬ 
logist, Peradeniya, has supplied the following information on the 
.subject: 

The most important local pests are plant sucking bugs, fruit 
flies and the leaf-miner. Among the former are aphids, scale 
insects and aleyrodids which frequently congregate on the twigs 
and young leaves causing much damage. The commonest aphid 
is Toxoplera atiraniii, and among the scale insects usually en¬ 
countered are Coccus viridis, Aspidiotus aurantn and species of 
lepidosaphes. The secretions of these insects provide a medium 
for the development of the “Sooty-mould” fungus upon the 
upper .surface of the leaves on which the secretions fall, but this 
unsightly mould is not diVectly injurious. Parasitic fungi, such 
as Cephalosporittm, exercise some degree of control upon certain 
scales, and aphids are preyed upon by Coccinelid beetles and 
Syrphid larvae. Aphids and some scale insects are cultivated 
and attended by ants which feed upon the secretions of these 
isects. As ants play an important part in tii'stributing these 
pests for the purpose of founding new colo-nies it is necessary that 
their nests .should be located and destroyed when in tfw vKinity 
of citrus trees. In small citrus groves and on individual trees 
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in private gardens where the infestation by the above plant¬ 
sucking bugs is not severe, the attached shoots may be removed 
and destroyed. On a large scale spraying must be resorted to 
and a soft-soap wash (1 Ib. soap to 6 gallons water), or kerosene 
emulsions, can be recommended. 

Fruit flies are occasional pe.sts in some localities. They are 
difficult to control and reliance is u.sually placed upon the collec¬ 
tion and destruction of fallen fruit and the use’of poisoned baits 
to attract the adult flies before they oviposit; which i's.usually 
about four days after emergence. A good bait is made of 6 lb. 
sugar and 6 oz. arsenate of lead dissolved in 8 gallons of water. 

• The bait is applied to the trunks of the trees requiring protection, 
or old tins and bottles containing the bait are hung from the 
branches of the trees. 

The leaf-miner Phyllocnistis cHrella is sometimes a very 
.serious pest in.the citrus nurseries. The larvae mine the tender 
leaves causing them to curl, and also tunnel in the younger twigs. 
In Japan it is customary to retard the development of-leaves in 
nursery .stock by increasing the phosphoric acid content and 
reducing that of nitrogen in the artificial fertiliser used. The 
application of a tobacco-soap wash is effective in destroying the 
young larvae but it is necessary to repeat the application periodi¬ 
cally. 

12. CONCLUSION 

In conclusion, it should be remembered that citrus gfrowing 
being at the present time in its infancy every care should 
be taken to ascertain the best type of tree, both stock and scion 
suitable to the locality, the requisite soil conditions and the many 
other factors involved in present day citrus culture. 

Successful cultivation of these fruits is undoubtedly remu¬ 
nerative in other countries and it would appear possible to make 
it so in this colony provided that work in the investigation of the 
many problems of horticulture such as the influence of the 
stock on the scion and the relation if any, of such to bud varia¬ 
tion; and later of transport and marketing, can be undertaken. 
The formati'on of small fruit .stations in various centres for trials 
and experiments would appear a desirable proposition and the 
importance of these initial steps of development can hardly be 
over emphasised. Experiments of the various types of orange 
and grapefruit most suitable havi'ngbeen ascertained, cultivation 
should be restricted to the few and good, since advantage is 
gained where large quantities of fruit are produced from a small 
number of varieties. Uniformity of the type of orange and 
grapefruit produced i's to be aimed at. A uniform type of fruit 
would be a great asset in establishing an industry in the future. 
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The possibility of Citrus production as a profitable minor 
product in Ceylon is feasible if the necessary care and attenti'on 
is given to the subject at the outset. If sufficient interest is 
stimulated to lead to the opening up of small acreages of orange 
and grapefruit here and there in the Island on experimental lines, 
the object of this article will have been attained. The early 
stages of development are invariably the most difficult to negoti¬ 
ate and an outstanding difficulty at the moment is in obtaining 
locally sufficient and reliable sources of orange and grapefruit 
budwood. 

The prospective grower is advi'sed at this early stage to 
indent for budded plants from reputable nurserymen in either 
South Africa, Australia, the West Indies, or California and 
Florida, since there is little or no proved budwood of orange or 
grapefruit available in Ceylon and to limit his selection to th6 
better known and tested varieties as those already mentioned in 
this article. Assistance in this respect is available through the 
offices of the Central Seed Store, Peradeniya, the season for 
imports of these fruit plants from South Afri'ca being March, from 
Australia, July, and from the West Indies, September. 
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CHEMICAL NOTES (9) 

THE MANURIAL VALUE OF 
SPECIES OF OXALIS 

A. W. R. JOACHIM, B.SC., A.I.C.. 
AGRICULTURAL CHEMIST, 

DEPARTMENT OF AGRICULTURE. 

AND 

D. G. PANDITTESEKERE, DiP. AGR. (POONA). 
ASSISTANT IN AGRICULTURAL CHEMISTRY 

A t the request of the Chairman of the Soil Erosion Com¬ 
mittee, analyses were made to determine the value of 
the species of Oxalis (0. corniculata, 0. latifolia, 
0. corymbosa) as jjreen manures. As the results of 
the analyses will be of interest to tea planters who have 
permitted Oxalis to grow on their estates as a means of checking 
soil erosion, it has been suggested that they should he published. 
In the table are shown the results of analysis of samples of 
each of the different species and the average re.sults for 
the three species and for four species of leguminous cover 
crops (Dohchos Hosei, Indifrojera endccaphylla, Centrosema 
pubescens and Calopof!;onium mucunoides). Two different 
samples of 0. latifolia were examined, but only the mean of 
the two analyses is shown in the table. In the case of the 
Oxalis species analyses were made of the leaves and bulbs, 
but in the case of leguminous crops only the leafy green material 
was examined. The re.sults of analyses will naturally vary with 
the nature of the sample, e.g., its age, soil and climatic conditions 
under which it was grown, etc. The figures in the table cannot 
therefore be regarded as absolute, but they are representative of 
the manurial value of the species exarniiied comfiared to that of 
leguminous cover crops. 
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X Mean of two different samples. 
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An examination of the table will indicate that (1) of thei 
species of Oxalis examined, the sample of 0. corymbosa^ has the 
greatest manorial value, its organic matter, nitrogen, potash and 
phosphoric acid contents both on fresh material and on dry matter 
at 100®C being higher than those of either of the other species. 
The analytical differences between the individual species are not 
however very appreciable except in regard to the potash contents; 
(2) 0. latifolia and 0. corniculata have about fhe same percent¬ 
ages of fertilising materials on dry matter at lOO^-C, but. as the 
proportion of bulb to leaf in the former is higher than in the latter 
and as the bulbs contain a higher moisture content than the 
leaves, the analytical figures on fresh material are lower for 
0. latifolia; (3) the average results for the three species of 
Oxalis examined indicate that they contain about 2-5 per cent 
nitrogen, 2-8 per cent potash, T7 p.er cent lime and '7 per cent 
phosphoric acid as compared with 3-8 per cent nitrogen, T6 per 
cent potash, 2-6 per cent lime and '6 per cent phosphoric acid, on 
the average, in the green material of leguminous coyer crops, 
the data being reckoned in both cases on dry matter at 100°C. 
It will therefore be noted that while the Oxalis species have, as is 
to be expected, smaller nitrogen and lime contents than the green 
material of leguminous cover crops, they contain more potash 
and slightly more phosphoric acid than the latter. The average 
organic matter and total ash contents are the same for both 
varieties of plants. The average moisture content of the fresh 
material of the Oxalis species is slightly higher than thajt of the 
green material of the leguminous cover crops examined. 

On the whole it will appear from the above analyses that the 
leaves and bulbs of Oxalis .sf)ecies have a higher value as green 
manure, comi)ared to the leafy material of leguminous cover 
crops, than they may be generally supposed to have. 
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RUBBER YIELD RECORDS 


F. DENHAM TILL. 
LOWMONT GROUP, KALUTARA 


T here appears to be consi'derable divergence of views 
and variation in the methods adopted in keeping rubber 
tree yield records on various estates. 

It seems essential that some standard system 
should be adopted so that compari'sons of records are facilitated 
as much as possible. 

There are so many co- related factors to be taken into account 
when comparing yield' records that it i's admittedly impossible to 
supply a completely accurate visible result without wading 
thrqugh mazes of figures, but it would seem desirable that these 
co-relations should be aggregated, and then reduced to the 
nearest possible common denominator, so that the avearge estate 
superintendent and visiting agent should be able to tell at a 
glance, and within a measurable degree of accuracy, the order of 
merit of any tree of which records are being kept. 

At present some estates show only the total yield of dry 
rubber per month or per annum. This method is clearly open to 
great error. For example, take three trees: 


“A” girthing 8 ft. giving TOO lb. per annum 

“B" „ 4 ft. 60. 

“C” ,, 3 ft. ,, 50. 


all in similar soil with the same number and method of tappings. 
Looking at the record one naturally selects "A” tree as the 
highest yielder; yet if one takes the girth of the respective trees 
into comparison it will be seen that “C” tree ranks first in order 


of merit with 33'2 lb. per foot of cut, “B” next with 30 lb. per 
foot of cut and “A” last with 25 lb. per foot of cut presuming 
them to be tapped on the half spiral. 

Another system, certainly far more accurate than the above 
is that in which the average yield per tapping per tree is taken, 
and this appears to be the commonest .system employed. One 
hestitates to query a method employed bv eminent research 
workers; no doubt for excellent reasons, but it does appear that 
here again the girth of the tree is not as a rule taken into account, 
neither does the system allow of an accurate deduction being 
made if the tapping system be altered, say from | to ^ during the 
period the yields are taken. One must then interpolate one’s 
own ideas as to what reduction or increase in vield has taken 


place for the given period since the alteration ih the tapping 
method took place, providing the period be known, and this 
interpolation cannot possibly be even approximately accurate. 

It would seem that the by no means perfect, but fairest 
system employable consists in the recording of the average yi'elds 
per tapping per lineal inch of cut. This must of course he done 
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in grammes, or in decimals of ounces as the quantities naturally 
are rather small ones. 

The writer employs a system of graphed charts put up in 
book form, one page being used per month. Each page shows 
at a glance the following information; 48 trees, their numbers, 
their ages, soil, girth, and state of canopy and number of tap¬ 
pings, their yield in grammes per tapping per lineal inch for the 
three previous years, their total yields for the Same periods, and 
on graphed lines thei’r average yield in grammes per lineal inch 
per tapping for the month, and their total yield in lb. ancf ounces 
for that month. A glance at the two graphed lines of yield shows 
immediately which tree ranks highest in order of merit, and this 
saves the time and trouble usually spent wading through columns 
of figures. 

With this method it makes no real difference whether a 
tapping cut is suddenly changed to \ or ^ from a ^ during the 
tapping period, one has still the weight of dry rubber per inch 
of cut per tapping to go upon which will materially reduce the 
possibilities of seri'ous error, and will even up to a considerable 
extent the interference of outside factors. 

The obvious objection raised against this method is that any 
given mother tree or clone may possess as one of its inherent 
characteristics the ability to girth at a rapid rate, or vice versa 
the inability to do so, and that the tree which puts on girth quickly 
and inch for inch gives as high a yield as the poor girther is to be 
preferred to the latter on that .score, and in that case this method 
of shewitig the yield per lineal inch per tapping, would not show 
the true order of merit. This latter remark is true, and the 
system is admittedly, not perfect, nevertheless it is a moot 
question as to whether the planting up of a large girther is prefer¬ 
able to the planting up of a small girther, the writer prefers within 
limits the latter, should there he any choice, and for this reason: 

An average acre of land will only support under best planting 
practice a certain length of tapping cut per acre. The larger the 
tree the fewer the trees per acre, and vice versa. A fair average 
length of cut per acre would appear to be 260 feet. Let it be 
allowed that any given acre contains trees girthing 6 feet, then 
on the alternate half-spiral with a 3 feet cut per tree the number 
of trees per acre will worK out at 86, or with trees girthihg 4 feet 
at 130 per acre. With bud-grafting and high-yield-planting in 
its present state of development the higher stand per acre seems 
preferable and safer—one can afford to lose more trees. At 86 
to the acre the loss of each tree will be felt to a greater extent, 
and on the pre-given figures the removal of one of these trees 
means the loss of 3 feet of tapping cut, whereas the removal of 
the smaller tree only involves the loss of 2 feet of cut at a time. 
Thi’s would seem to meet the only objection the writer has so far 
heard raised against this method of recording. 
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CONFERENCE OF EMPIRE 
METEOROLOGISTS, 1929 

AGRICULTURAL SECTION 


WEATHER AND CLIMATE IN THEIR 
RELATION TO INSECTS* 


I T is not for me, an entomologist without any special knowledge of 
meteorology and climatology, to insist before the present Conference 
on the extremely complex inter-play of various meteorological 
elements which go to make a weather, or a climate. 1 am only 
going to attempt to show' how these elements and their infinitely 
varying combinations influence the highly complicated organism of insects 
their life and activities, many of which are of supreme importance to man, 
since they concern his crops, health and even life. 

The numerous problems of the influence of various meteorological 
factors on insects have formed the subject of many special studies, and the 
entomological literature is full of examples of such an influence. A full 
survey of the literature on these problems will be given elsewhere, and in 
the present paper I propose only to draw the attention of the members of 
the Conference to some outstanding points, in particular to those in the 
investigation of which a close co-operation between an entomologist and a 
meteorolqg'ist appears absolutely essential. 

Let us consider briefly the influence of each of the main meteorological 
factors on insects. 

Temperature. —1'he aggregate amount of work done on the influence of 
temperature on insects is very considerable and the main results may be 
summarised very briefly as follows ; 

The influence of temperature on insect activities is easily observable, 
since it results mainly in various more or less conspicuous movements. A 
general scheme for all activities of an insect as dependent on temperature 
is based on the conception of an optimum zone of temperature, within w^hich 
all activities are most pronounced; above this zone lies that of a temporary 
heat stupor, still higher a zone of more prolonged inactivity or dormancy 
(aestivation) limited above by the zone of fatal temperatures; in the opposite 
direction we find the zones of cold stupor, of dormancy (hibernation) and 
of fatal low temperatures (Hunter and Pierce, 1912). All these zones and 
their limits naturally differ in cases of different insect species, even of 
different sexes and stages of development of the same species; moreover, 
each kind of activity—movements, feeding, pairing, egg-laying, etc., has 
its more or less definite optimum zone. The differences in the temperature 
range of activities between different species of insects may be very striking; 
thus, certain grasshoppers are fully active at midday in the deserts of 
Palestine when the surface temparature reaches over 140®F. (Buxton, 
1924), while some aphids have been observed active and copulating at 19^F 
(Hachmetjev). 

* Paper read by B. P. Uvarov, Senior Assistant, Imperial Bitreau of Entomology, 
before the Agricultural Section of the Conference of Empire Meteorologists 1929. 
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More detailed quantitative studies on temperature relations of insects 
have further shown that even the same individual may react towards a 
definite temperature in a different manner according to other external factors 
or internal conditions. I hus, woodboring larvaj of beetles freeze hard at— 
J2'8®C, but only if the larva has been taken from iis natural habiUit in winter, 
while the same larva collected in summer freeze at —()*77^'C. (l^iyne, 1927). 
This varying degree of cold hardiness in insects has been recently associated 
with the state of water in the insect body ; namely, it has been found to 
depend on the balance between the free water wliich freezes easily and 
the water bound by colloids and hardlv alfected by low temperatures. This 
balance of water in its turn is connected with the moisture of*the insect 
food, and with the general humidity of the habitat (Robinson, 1928). This 
one example already serves to demonstrate that the problem of the influence 
of temperature on insects has two dilTerent aspects, the meteorological 
and the physiological, the latter touching upon the still very obscure 
phenomena of the biochemistry and biophysics of colloidal substances. 

The physiologial side of the problem makes it imperative that the 
influence of the temperature on the irlsect should be studied in such a 
way that not only the external temperature conditions and the corresponding- 
reaction of the insect arc taken into account, but due attention is also paid 
to the ability of the insei't to absorb and to utilize the heat of the surround¬ 
ing medium. This was realised long ago and a series of stud’es dealing 
u’ith the efl'ects of external temperatures on the internal body temperatures 
of insects are now available. These studies have demonstrated first of all, 
that insects, although alwa\s considered to be cold-blooded animals, possess 
some power to adjust the internal body temperature by movements, and 
are, thus, not absolutely dependent on the external conditions (Bachmetjev, 
Pirsch). Much more important is the observation that the degree of absorp¬ 
tion of radiant energy varies very widely in diflerent insects, apparently 
mainly in connection with their coloration. 'I'he coloration of insects, parti¬ 
cularly of butterflies, has received a great deal of attention from cfcperimental 
entomologists, but it is only lately that views have been expressed as to 
the possible importance of coloration in the thermal economy of insects. 
Direct experiments on the influence of particular colours on the absorption 
of radiant energy are still practically lacking* (Buxton, 1924), but there 
Js lU) doubt that this is one of the most promising fields of research, in which 
an entomologist should work together with a meteorologist and a physio¬ 
logist, so as not to overlook any of the factors influencing both the radiation 
and the absorption and transformation of radiant energ-y within the insect 
body. 

Most of the above considerations refer not only to the visible activities 
of insects, but also to the internal processes of their dt^velopment, in wdiich 
temperature plays an extremely important part. ICxperimental work under 
controlled conditions of temperature permitted the formulation of the 
connection between the external temperatures and the rate of development 
of insects, in mathematical terms, but it must be admitted that we arc still 
far from exact knowledge and understanding of the phenomena involved 
(Bodenheimer, 1926). The first idea of th’s connection was very simple; 
it was assumed that the development of an insect begins and stops at a 
definite temperature which was called the zero of development. It was 
further assumed that every degree of temperature* above the zero acting 
during a day corresponds to a definite and etpial advance in the development 
of an insect. With these assumptions it was eas. to ('alculate the number 
of “day-degrees” necessary for the accomplishment of a certain stage of 
development^ once the sum of effective temperatures for this stage had 
been determined experimentally. However, later investigations demons¬ 
trated that the conception of a constant sum of effective temperatures 
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necessary to complete a stage is a fallacy and that the actual sum varies 
within very broad limits, making the practical use of the principle out of 
the question. For example the beetle Sitodrepa panicea requires 1,820 day- 
degrees at 20*^0. and 3,638 at I7^C. The reason for this lies in the fact 
that the action of one degree of temperature during a definite period of 
time is not the same at different temperatures; in other words the value 
of day-degrees is not constant but may be 2-3 times as high at certain 
temperatures as at others. Special curves and formula? have been cons¬ 
tructed to express the relationship between temperatures and development 
and some of them (e.g., Blunck’s formula) proved to be fairly useful for 
practical calculations of the period of time necessary for the accomplishment 
of a definite stale of development under certain conditions. It would carry 
us too far to discuss here all the details of this relationship, and I restrict 
myself to a broad indication of its main features. First of all, it must be 
realised that under the term development many very different infernal pro¬ 
cesses are included, mainly the growth, the formation of genital products 
in the insect body and the formation and growth of the embryo in the eggs. 
As may be expected, all these processes are accelerated at a higher tempera¬ 
ture, within the optimum limits, of course. As a result of this acceleration, 
each stage, and the whole life cycle of a given insect may be substantially 
different in length, according to the temperature, and this is reflected in 
the fact that certain insects develop only one complete generation a year 
in cold climates and several annual generations in warmer ones; the 
practical importance of this difference is obvious, since in the latter case 
there will be several periods of injurious activities, if the insect in question 
feeds on cultivated plants. The formula? referred to above permit of the 
calculation of the number of annual generations of a given insect possible 
in any given locality, if the temperature conditions of the latter are known, 
and this is being done with a certain degree of exactitude (Bodenheimer, 
1926). There are several reasons why absolutely exact results cannot b * 
attained. ^ 

To begin with, the mean temperatures for more or less long periods, 
not shorter than a day, are usually made the basis of calculations, but such 
means do not correspond to the exact quantity of heat energy received 
by the insect during the period. Indeed, the latest work on these lines 
with the codling moth led the investigator (Shelford, 1927), to the conclu¬ 
sion that temperatures cannot be summed up correctly for biological pur¬ 
poses, unless readings are taken in intervals of one or two hours, throughout 
the whole period of the development of the stage in question. It is obvious 
that this method is extremely cumbersome. A still further source of inex¬ 
actitude of the theoretical conclusions as compared with the actual course 
of events in nature depends on the fact that all our formulae and curves 
are based on experiments at constant temperatures, while there is no cons¬ 
tancy of temperature in nature, and mean temperatures for a given period 
have to be used in the calculations. Recent experiments have proved that 
the fluctuations in temperature exert a considerable accelerating influence 
on the i^ate of development of insects (Cook, 1927). Thus, daily fluctuations 
in the temperature are not without their direct importance. Similarly, the 
annual range of temperatures in temperate climates has its significance, 
quite apart from the arrest of development during the cold months; it has 
been found for instance, that winter cold has an accelerating action on the 
rate of development of grasshopper eggs, which hibernate in soil and 
hatch in spring. The eggs kept throughout the winter at a constant tem¬ 
perature of 23^C. developed in 45 days, while the eggs kept in the open 
air for 39 days and then subjected to a constant temperature of 23^C. 
required only 40 days for their development (Bodine, 192S). The reasons 
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for this somewhat surprising stimulating effect of fluctuations in tempera* 
ture, and in particular of low temperatures, are still obscure, but this is 
a problem for a physiologist to solve and we may leave it alone. 

An excellent illustration of the complexity of temperature relations 
of insects is presented by the clilTerential effect of the same external tem¬ 
perature on an insect and its parasite. 7'he rate of development of the 
wheat aphid Toxoptera gramimim is faster than that of its parasite 
Lysiphlebus tritici; the threshold of development for the host is 32^F., 
while for the parasite it is 36^. At a mean temperature of 68® a parasite 
would develop in 264 hours, and a host in 240 hours; while the parasite 
was developing, a host female would have produ('ed 26*4 youdg aphids. 
The parasite would ordinarily sting 22 aphids during the two days following 
its emergence, when the total progeny of one host female would be 3T2 
individuals, thus being 9 individuals ahead of the parasite, which therefore, 
can never exterminate the host, it is easy to see how relatively small 
differences in the activity range of the host and the parasite and their 
rate of development as affected by temperature, ma\ become a deciding 
factor in the abundance of both insects (Weadlcc, 1917; Shelford, 1926). 

A somewhat parallel case is that of insects and certain micro-organisms 
associated with them, which are of exceptional interest, being the causative 
agents of the most dangerous human diseases. For example^ temperature 
exerts a direct effect on the malaria parasite within the mosquito; low 
temperatures, not in themselves injurious to the mosquito, inhibit the 
development of the parasite; on the basis of this, it is possible to 
define the areas and seasons which are dangerous from the point of view 
of malarial infection through mosquitos (Gill, 1921). With regard to the 
plague bacilli which are carried by fleas it has been found that a temperature 
of 85®F. (29'44®C.) caused a more rapid disappearance of the bacilli from 
the stomach of fleas than that of 70®F., while at the low mean temperature 
of 50®F. infected rats often died before plague bacilli appeared in their 
blood, so that their fleas had no chance to become infected (Roj/ers, 1928). 
Further highly interesting observations refer to the effect of temperature 
on certain symbiotic micro-organisms of locusts, in which they live at 
normal mean temperatures without any apparent harm to the host, but 
at low temperatures the symbionts tend to increase to such an extent that 
the development of genital products of the locust is inhibited and a fatal 
disease may follow. In other cases, normally saprophytic fungi proved 
capable of becoming dangerous parasites of caterpillars at sufficiently high, 
though not in themselves injurious temperatures. 

The effects of the temperature factor on the geographical, topographical 
and seasonal distribution of insects will be discussed later, as humidity 
has also to be taken into consideration, and we must first review^ the 
available information on the influence of this factor by itself. 

Humidity and Precipitution ,—Although exact quantitative observations 
on the effects of the relative humidity of air on insect activities are not 
yet sufficiently numerous, the data accumulated enable one to conclude that 
the scheme of the relations of insects to humidity is essentially the same as 
that with regard to temperature. In other words, it may be assumed that 
a zone of optimum humidity, as well as upper and lower fatal limits exist 
for each species and each stage of its development. There is no doubt, 
however, that variations in this respect are still greater than in the case 
of temperature, since the physiological influence of tj^e humidity of air on 
the insect must be less direct than that of its temperature. Indeed, insects 
obtain most of the water necessary for their internal physiological processes 
with their food and not from the air, so that the main influence of the 
water vapour contained in the air is through evaporation, which we will 
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discuss later. There are direct indications that the water obtained with 
food may make an insect practically independent of the atmospheric humidity ; 
thus, the aphid Toxoptera gniminmn feeding- on sap of grasses takes six 
days from birth to maturity under a constant temperature of SO'^F. and 
relative humidities ranging from 37 per cent, to 100 per cent. (Headlee, 
1914). Moreover, even eggs of some insects c.g., cotton seed bug Oxyca- 
rentis liyalinipcnnis) (Kirkpatrick, 1923), do not show any diflerence either 
in the percentage of hatching or in the length of development in relative 
humidities ranging from one to 100 per cent. ; in ths case, however, a 
possibility that the evaporation was prevented by the shells of the eggs 
is not excluded. Other experimental data on the subject show somewhat 
varying results and a definite rule as to the influence of relative humidity of 
the air on the rate of development of insects cannot, at least at present, 
be laid down, 'fhis conclusion may be explained by the fact that the con¬ 
centration of body fluids differs widely in different insects and in the 
same insect during its development, so that similar conditions of atmospheric 
humidity may have very different physiological effects, the same relative 
humidity being fatal in one case, «ind representing optimum conditions, or 
being without any importance, in another. 

One important effect of high humid'ity of air is that at certain ten> 
peratures it is highly favourable to the development of various fungus 
diseases of insects and thus becomes an indirect controlling factor. 

Data with regard to the influence of precipitatiou on insects, cannot 
of course be very exact, since the effect of the prec'pitation are bound 
to be mainly indirect, acting through the corresponding changes in the 
evaporation and therefore, being closely connected with temperature, wind, 
atmospheric pressure, etc. Another effect of precipitation is the change in 
the moisture content of the sod which is highly important, since a great 
percentage of insects pass one stage or another in the soil. 'Fhese problems 
involving more than one factor will be discussed later. 

The direct effects of rain on insects are mainly mechanical and consist 
in the destruction of more tender stages, or in the drowning, particularly 
by rainstorms ; there are cases on rc('ord which show the great controlling 
value of this factor. A very common example of th(? direct influence of 
rainfall is its effect on the emergence of insects from quiescent stages, i.e., 
from eggs or pupaf, or from hibernation. The effects are partly due to the 
thechnical action of water on the outer covering of pupai (cocoons) or 
egg-shells, which can be burst only when softened, while In some cases 
the effects must be connec ted with the absorption of water necessary for 
completing the development of the stage or the resumption of the physiolo¬ 
gical activities. 

Indirect controlling influence of rainfall through the vegetation is very 
important. Apart from those ca.ses when drought conditions cause a mass 
destruction of phytophagous insects through lack of their food-plants, the 
connection between rainfall and the abundance of an insect is often very 
obvious and undoubtedly indirect, f.c., through the vegetation. Outbreaks 
of certain bark-beetles for example, are definitely connected with the periods 
of rainfall deficiency. On the other hand the propagatiion of certain Insects, 
like aphids, is favoured by increased rainfall, provided the rains are not 
sufficiently heavy to clause their mechanical destruction. 

Perhaps most important of all is the distribution of rainfall throughout 
the year. Usually this factor acts in conjunction with the seasonal tempera¬ 
ture regime, but there are erases of the influence of rain alone. Thus the 
most important factor in the balance of the coffee-borer {Stephanoderes 
hampei, Ferr.) in java and Sumatra is the distribution of rainfall througllout 
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the year. In certain areas it rains at all seasons and the flowering of coffee- 
plants and ripening of berries is spread over the whole year, so that the 
insects find food continually and their generations follow each other without 
interruption. In other districts the east monsoon brings with it a dry 
period of several monihs’ duration* and the west monsoon is accompanied 
by continuous rains* which prevent the flowering of coffee. Thus a period 
when no food is available for the pest is interpolated each year and during 
this period the beetles die out* wdth the exception of few survivals 
(Friedrichs, 1925). Another example of indirect mfluence of rainfall is 
presented by the tsetse fly (Glossina morsitans) which is closely connected 
with shady forests ; the leaf fall in African forests is dependent* mainly on 
the rains and thus the latter become an important factor in the seasonal 
movements of the fly (Swynnerton* 1921). 

Very little data exist with regard to other forms of precipitation besides 
rain. Snow’ has an important function as a protection from w'inter frosts of 
insects hibernating in the soil or on its surface. Hail has been recorded to 
cause great mechan'cal destruction of various insects* but the controlling 
value of this factor is* of ('ourse* practically negligible. 

ll'itid .— I'here can be no direct influence of any movements of air on the 
development of insects, but the activities, particularly of those insects which 
use their wings for flight* are bound to be affected by wmds. In most 
cases the influence is negative, at least as regards winds of higher velocities* 
but it must be confessed that quantitative observations in this direction are 
practically lacking. The relations of flying insects to wind are still insuffi¬ 
ciently studied, though certain observations on the flight of nocturnal /insects 
tend to show that many of them are inclined to fly against the wind and not 
with it. How'ever, no general rule can be laid dow’n (Lutz* 1927). A 
number of exact observations have been made on the w'ind dispersal of 
insects, demonstrating (dearly the importance of winds in this respect. It 
was found that normal dispersion of a number of insects, like ^he Hessian 
fly, (lipsy moth* etc., depends on prevailing winds perhaps more than on any 
other agency (Webster, 1902; Collins* 1915). I'here are sc^me cases on 
record whii'h illustrate the importance of winds in carrying inser'ts over 
unexpectedly long distances, as for example the appearance of winged 
spriu'c aphids on the snow’ at Spitzbergen* where they could have been 
brought onlv by w ind from the Kola Penhisula—a distance of over 800 miles 
in a straight line (liilton, 1925). Tropical cyc'lones must be particularly 
powerful agents in the dispersiem of insects from island to island* but so far 
the actual data are neither numerous nor sufficiently exact. 

The Importance of the upper air currents in the dispersal of insects has 
been stressed rec'ently (Felt* 1928), but the evidence in favinir of this view 
is very meagre and exact observations of the insect fauna of the upper 
layers of atmosphere are badly needed. 

Indirect action of winds as a factor of evaporation must also be of 
great importance. 

Atnwsphoric Pi'essurc ,—Direct effects of atmospheric pressure on 
insects are substantially different from those on higher animals, probably 
owing ta the fundamental difference in the respiratory and circulatory 
organs. Experiments on the influence of a vacuum on insects gave very 
surprising results, since bumble-bees subjected to a super-vacuum olir)t^T 5 T)nim. 
for 90 seconds and then suddenly returned to the normal pressure remained 
unharmed and active (Lutz, 1929). 'Phis show’s that ordinary changes in 
pressure occurring in nature can be hardly of any direct importance in 
insect life, at least, not as controlling factors. 
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At the same time, there is some evidence that the general activities 
of many insects increase with barometric depressions, and there are also 
definite and sufficiently exact observations and experiments on the influence 
of depressions on the length of the pupal period of butterflies and moths, as 
well as on their emergence from the pupse. It has been found that a uniform 
normal pressure maintained throughout the pupal period prolongs the latter, 
while a uniform reduced pressure shortens it considerably {e.g», in Pieris 
rapac the stage lasted only 9 days at pressure 710-728 mm. instead of the 
normal 15 days). Tho emergence of adults in the great majority of cases 
does not take place except on the fall of barometric pressure, a diminution 
of pressure by one millimeter being sufficient to induce the eclosion of an 
adult which is ready for it. The action of pressure oh eclosion must be 
purely mechanical ; the adult insect within the pupal skin is unable to burst 
It until a drop in atmospheric pressure creates a difference between the latter 
and the pressure of the body fluids (Pictet, 1917). 

It must be admitted that observations on the direct influence of pressure 
on insect activities and development are still very fragmentary. 

Indirect influence of pressure "is through winds and evaporation and 
does not need a separate discussion. 

Atmosphenc Electricity ,—No exact data exist in this respect, but it is 
generally known that many insects, especially the nocturnal ones, are more 
active before a thunderstorm. 

Light ,—Observations have been made which lend to show that the 
production of sexual forms in aphids depends on the direct action of light, 
since under experimental conditions sexual forms Avere produced earlier and 
more abundantly in the case of shorter exposures to artificial light, while 
long exposure had an inhibiting influence (Marcovitch, 1924). These obser¬ 
vations were contradicted by other observers and final conclusions must be 
deferred. Further studies of light as a factor of development are highly 
desirable, since light has been greatly neglected in the past. 

The influence of light on activities of insects has not been sufficiently 
studied, though the existence of strictly diurnal and nocturnal insects already 
shows that the reactions of different species towards light are very dissimilar. 
So far, however, exact observations on the quantity and quality of light 
necessary for various activities are very scarce and of uncertain value. 

Combination of Eactors ,—The most important complex factor exerting 
very great influence both on the activities and on the development of insects 
is the evaporating power of air, which depends on the temperature, 
numidity, air movements and atmospheric pressure. Physiological reasons 
for the importance of this factor are obvious, since all biological processes 
take place in a liquid or semi-liquid medium, and the deficiency or the excess 
of water in the organism is bound to affect the rate, or even the direction 
of the process. Indeed, it is almost certain that evaporation causes an 
insect to react very differently towards the same temperature if the relative 
humidity varies. For example, the cotton seed bug dies after 150 hours' 
exposure to 25^C. at 60 per cent, humidity, but at 80 per cent, humidity 
the exposure must be twice as long to be fatal (Kirkpatrick, 1923); it is 
very probable that death from high temperature is due to excessive loss of 
water, which is greater at lower humidities. On the other hand, very high 
humidities may be injurious through preventing evaporation, which tends to 
lower the body temperature and thus to moderate the influence of heat. 
Another case of combined effect of humidity and temperature is presented 
by the resistance of insects to very low temperatures. This resistance 
depends greatly on the water content of the insect; low evaporation rate 
makes hibernating ijnsects less resistant to freezing through increasing their 
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water content (Payne, 1927). As regards the development of insects, several 
investigators found that its rate is increased at lower humidities, though the 
temperature conditions remain the same. This must also be connected with 
the rate of evaporation. 

In view of these and similar facts, it is tnily natural that many ento¬ 
mologists consider observations on the evaporating power of air highly 
important for their purposes. They are probably right, at least in consider¬ 
ing that these observations present the simplest method of evaluation of 
the combined effect of practically all the main meteorological factors. How¬ 
ever, it must not be forgotten that this method makes the appreciation of 
the exact value of each separate factor more difficult; the exact quantitative 
analysis of factors should be the aim of ecological investigations. 

Very lit lie data exist with regard to combined action of other meteo¬ 
rological factors, except those involved in evaporation. Light in combina¬ 
tion with temperature and perhaps with humidity mav he a controlling factor 
in certain activities of inserts. For example, the codling moth lavs its eggs 
only in the dark, and only at a temperature not below 6?®F. ; if the tempera¬ 
ture falls below that figure before it is, sufficientIv dark, no eggs are laid. 
Thus the propagation of the species depends on the favourable combination 
of the two factors—abse.n('e of light and temperature (Iselhv and Ackerman, 
1923). Diurnal insects, on the other hand, are more sensitive to light at 
higher temperatures and an optimum combination of the two.factors may be 
of the greatest importance for the species. 

CUmatc and IVeatlier .—With this preliminary acquaintance with the 
influence of various meteorological factors on insects, we can now turn our 
attention to the main general effects on them of climate and weather. These 
effects may be conveniently grouped under two headings—distribution of 
insects in space (geographical and ecological) and their distribution in time 
(seasonal and periodic cycles). 

Geographical and Ecological Distribution .—It is not proposed to discuss 
here the various means of dispersal of insects; it is sufficlent^to say that 
each species has a natural tendency to spread as widely as possible and every 
possible agency is utMised for this purpose, so that there is a theoretical 
possibility for each species to populate the whole surface of the earth. 
This possibility Is, however, very seldom realised, and the number of truly 
cosmopolitan insects is very small; practically all of them, moreover, live in 
close association with man, i.e., under conditions which make them indepen¬ 
dent of the differences in the natural conditions of various countries. The 
great majority of the remaining insects are restreted to more or less definite 
geographical areas, and the factors limiting their distr’bution are almost 
entirely climatic since the geological factors of distribution also depend 
mainly on changes of climates throughout the ages. 

The area of distribution of an insect spee’es is obviously that in which 
the combination of all climatic and biotic factors perm,Ts its survival. It is 
usually considered that every organism is adapted perfectly to the conditions 
of its existence, but this seems to be a principle based on theoretical con¬ 
siderations and not in accordance with facts. Indeed, recent studies on the 
climatic factors controlling inserts appear to emphasize that the percentage 
of survival of progeny is normally very small, the bulk surcnimbing to the 
numberless adverse influences of the normal environment. In other words, 
insect species survive not because of their wonderful adaptation to environ¬ 
ment, but in spite of the insufficient adaptation and owinir to their high 
reproductive abilities. Indeed, these abilities are such, that given really 
optimum conditions of existence, almost anv insect species would become 
exceedingly abundant within a short time, as is proved by periodic mass 
outbreaks of injurious insects, dependent ma'inly on the optimum combination 
of all facton. 
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The climatic factors limiting the area of distribution of an insect are 
mainly temperature and humidity, or the evaporating power of air dependent 
primarily on them. Thus, the northern limit of the brown tail moth in 
North America coincides with the minimum isotherm-35^C., while the 
asparagus beetle (Crioceris asparafri) cannot extend its range beyond the 
minimum isotherm-lO^C. (Sanderson, 1908). The cabbage butterfly (Pieris 
hrassicae) reaches its southern limit of distribution in Palestine, since it 
can successfully live there only in winter months, while the summer heat 
kills nearly 100 per cept, of eggs and young larva? (Bodenheimer, 1928). 

Humidity in itself is undoubtedly a very important factor of distribution, 
but the data on 4s limiting r61e are few and inexact. Much better studied 
is the combined effect of temperature and humidity, or temperature and 
precipitation, and in this direction great advances have been made rece tly, 
owing to the extensive use of Ball-Taylor climographs and hythergraphs, 
which permit the correlation of the distribution of an insect with the two 
main climatic factors (Cook, 1924; Shelford, 1926; Tehon, 1928). Their 
application demonstrated, in particular, that lit is often not the absolute 
averages of temperature and humiejity, or their maxima and mimma that 
limit the distribution, but the seasonal temperature and rainfall regime. 
This is easy to understand since an insect has its own seasonal cycle and 
its different stages of development have different requirements. 

The practical use of climographs in entomology is especially important 
in the case of insect pests introduced, as happens verv often, from one 
country to another. Climographs of the orginal home of the insect permit 
us to understand the conditions of its existence there, and a study of 
climographs of the new country enables us to judge what are the chances of 
its acclimatisation in particular areas there. 

The method of climographs has, however, its limitations. One reason 
for its inexact'tude lies in the fact that it is based on mean monthly tempera¬ 
tures and humidities, while we know the great importance of fluctuations in 
both for insects. Another and much greater source of error lies in the fact 
that climographs have to be based on the data provided bv meteorological 
stations. Meteorologists, for obvious and exi'ellent reasons of their owai, 
adopted certain standardised methods of taking observations, and this 
standardisation makes many of their data of very little value to us. 
Temperature readings taken in Stevenson screens and then reduced to 
the sea-level value, have obviously a verv distant relation to the 
temperatures to which insects are normally exposed, while the hours of 
taking observat’ons are fixed, naturally, without any regard to various 
activities of insects. The same remarks apply to observations on relative 
humidity. The fact is that the climate of a locally as studied by meteo¬ 
rologists has probably much less significance for insects than the micro¬ 
climates of the widely varying habitats of insects. Detailed observations 
on temperature and humidity in a forest, for instance, show that the means 
and the range of daily, monthly and annual fluctuations differ widely at 
different heights from the ground (Weese, 1924). This means that stan¬ 
dardised observations taken near, or even in the forest, would not express 
the conditions of existence of most of the forest insects. 

Similarly, the exposure of slope, the relative density of vegetation, 
slight depressions of surface, etc., all affect the micro-climate and make 
standard observations inapplicable in each particular case. The problem 
becomes even more complicated in the case of insects living inside plants, or 
parasitic on other animals, or otherwise isolated from the direct influence 
of meteorological factors, though still dependent on them indirectly. It 
has been found, for example, that the temperature within an open boll of 
the cotton plant (in which several important pests live) is lower than the 
shade temperature during the day, while at night the minimum within the 
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boll is above that of the air (Kirkpatrick, 1923). In the case of desert 
insects, it has been found that a great number of them pass the day burrowed 
into soil, or in caves, etc., coming out only at night, with the result that 
their conditions of existence have a very remote relation to the desert climate 
as represented by oridnary mteorological data (Williams). 

All these considerations show that exact knowledge of meteorological 
factors limiting the distribution of an insect can be only oblaintid through 
detailed and prolonged studies of the micro-climate of its habitat, or rather 
habitats, since most insects change their habitat during development, the 
larva', e.g., feeding openly on foliage, the pupa being buried in the soil, the 
adult flying about, and the eggs being concealed under the bark of a tree, 
etc. I'he problem, thus becomes bewildering in its complexity* and its 
successful study depends only on the realisation of difficulties and their 
solution by the combined efforts of entomologists and meteorologists. 

While stressing the importance of mi('ro-cl:matic observations, I am far 
from implying that the standard meteorological data are quite useless for 
entomological purposes. On the contrary, as I have already said, some very 
valuable practical results have been obtained by studies of climographs in 
connection with the distribution of inseefs. 'I'his is only natural, since in 
these studies ct'mographs serve for comparison of two or more climates, and 
the relation of climatic factors as observed under standard conditions to the 
micro-climates of definite habitats ;n different countries must be essentially 
the same. 1 would even venture to suggest that it might be possible after 
careful studies to find out the relation for each particular case, c.g., to find 
an emp rical formula, w'hich waiuld permit the calculation of the temperature 
within a cotton boll from the standard readings of temperature. 

On the other hand, the importance of meteorological data for various 
local agricultural and biological problems is so very great that it w-ould be 
legitimate on the part of representatives of those sciences to ask meteo¬ 
rologists to c’onsider some altiTations, or amplifications of the s‘a*"dard 
methods of taking observations in order to make them more readily utilised. 

Cycles and Periodicity .—Seasonal periodicity in insect life is ^umimonly 
known, and its direct dependence on annual fluctuations of temperature in 
colder regions appears obvious. Recent studies, however, throw’ some 
doubt on the popular idea that it is only the winter cold which is directly 
responsible for the phenomenon of hibernation, i.e., the state of more or less 
complete inactivity, in which most insects pass the winter. Indeed, it was 
found that in I'ases of insects normally hibernating, c.g., in the egg stage, 
the eggs cannot be brought to development, even if kept at sufficiently 
high temperature. Facts of this kind point to the existence in insects of 
our latitudes of an inherited, fixed annual cycle of development, wh’ch is 
not easily altered by external conditions, lliere is little doubt, however, 
that this fixed cycle is due not to some mysterious agency, but has developed 
in the course of thousands of generations as a direct response to the 
environment. 

Hibernation of insects presents special interest for our problem, since 
in this state of inactivity they are more than ever subject to unfavourable 
meteorological influences, and the winter mortality of hibernating stages is 
usually very high. It is w^orth mentioning that this mortality is much less 
due to the direct act\>n of cold than may be supposed. Indeed, all known 
facts support the idea tluit long, severe winters, with frost and snow% do 
less harm to hibernating insects than milder winters wdth intermittent frosts 
and rains. This is due to the fact that most insects can survive even 
repeated freezing w^ithout any harm, provided their winter balance is properly 
adjusted, while mild moi.st winters tend to disturb the balance unfavourably 
with disastrous results; besides, various fungous and bacterial diseases of 
insects develop more readily in mild weather. 
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The great majority of insects of temperate climates have only one 
complete generation a year; some take several years to develop, while there 
are many which have a shorter period of development and are able to produce 
several generations in one year. In the case of the last-named group, the 
number of generations per annum naturally differs according to the latitude, 
and this affects the relative economic importance of an injurious insect in 
different countries. Since the rate of development depends, as we know 
mainly on the temperature, it is possible, by means of certain formulae 
mentioned above, to calculate the possible number of annual generations of 
a pest in any given country. Some more or* less successful attempts in this 
direction chave been made. 

While we have some knowledge of the annual cycle of insects in 
temperate climates and of its causes, the same cannot be said with regard to 
sub-tropical and tropical areas. Theoretically, it would appear that the 
development of insects there should go on without interruption all the year 
round, and as many generations be produced as are consistent with the length 
of the period required for one full generation. This is, however, not so, and 
many tropical insects seem to haie definitely only one annual generation. 
However, I must stress that exceedingly little is known on this subiect. The 
interesting fact about insects of hot climates is that many of them have their 
resting stage also, corresponding to the hibernating stage of insects of higher 
latitudes, but not connected with temperature. The factor regulating the 
annual cycle of insects in hot climates appears to be the humidity of air and 
of the soil, and the resting stage normally corresponds to the drv period. It 
has to be admitted, however, that the phenomenon of aestivation, as it is 
caMed, is still very little studied. Hibernation and aestivation present major 
correlations of the annual life cycle of insects with the seasonal weather, and 
side bv side with them there is a number of minor adjustments which are none 
the less important for the insects themselves, and for man. There are 
various phenomena of phenological order, /.e., the appearance of different 
stages in‘development and their transformation, which should be studied 
in connection not only with the weather conditions, but also with the corres¬ 
ponding seasonal phenomen«i in the plant world. The importance of exact 
correlation of the appearance and development of an insert and of its food 
plant is often very great. Thus, the apple-blossom weevil (Anthonomus 
pomorum}) lays its eggs In flower-buds of apple, and the larva must not onlv 
hatch, but fasten the unopened petals from the inside bv a web, before the 
flowers begin to open ; if the spring is cool and the buds mature and open 
slowlv, the progeny of the weevil is safe, but in hot weather it happens often 
that the flowers open before the newlv-hatched larvae have time to prevent 
them from doing so and the larvae f.all out and die. In this wav the life of 
insects and the degree of their economic importance depend on verv small 
fluctuations of meteorological factors, which may affect the plant and the 
insect in a sHghtIv different wav, and thus turn the balance between them 
in favour of one and to the detriment of the other. 

Extensive studies in the pbenologv^ of insects and plants led the 
American entomologist Hookins to formulate his biocltmatic law, the main 
point of which is that “other conditions being equal, the variation in the 
time of occurrence of a given periodical event in life activity in temperate 
North America is at the general rate of 4 davs to each one degree of latitude, 
5 deorrees of longtitude, and 400 feet of altitude, later northward, eastward 
and upward in spring and earlv summer, and the reverse in late summer 
and autumn. This law is purely empirical, and its theoretical significance 
is limited, while the practical anpliration is possible onlv in normal seasons 
and under equable ecological conditions, which two requirements are seldom 
satisfied. Further, the law holds fairly good for North America only and 
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attempts made by its author to extend it to other continents remained theo¬ 
retical, without a practical test, at least as regards insect phenology. 

Much more promising are the attempts to base the forecasting of 
seasonal phenomena in the life of insects on the scries of controlled experi¬ 
ments which supply the necessary data on the standard averagtt period for 
the completion of a certain stage of development under controlled conditions 
of temperature and humidity. If meteorological observations are then 
carried out throughout the period of development of the stage in nature, 
and the results are summed up, it becomes possible tor predict the completion 
of the stage and the appearance of the next one some time before it happens 
in nature. Such a forecast may be of great practical importance, for 
example in the case of the cc^dling moth, where it is necessary to spray as 
near as possible to the time of hatching of the larva* from the eggs (Shelford, 
1927). The practical application of this method is, however, greatly limited, 
since it requires, first, a very extensive series of experiments under c ontrolled 
('onditions, with the use of complicated and expensive* apparatus, and 
secondly, the taking of readings of temperature and humidity at 1-2 hourly 
intervals throughout a considerable period. 

.Apart from the. seasonal rhythm in the* appearance and activities of 
inscK'ts, there is a more or less strongly marked periodic: fluctuation of a 
species from year to year. Only relatively few insect pests are equally 
numerous and injurious every year, while most of them are practically 
negligible, except in certain years, when mass outbreaks oc'cur. It would 
be out of place to discuss here all the causes for these periodic fluctuations, 
but I would like to point out that recent researches in this direction tend to 
throw some doubt on the commonly accepted idea that the chief controlling 
factor is the parasites, since a number of cases have become known in which 
the factors normally keeping an insect species down are almost entirely of 
meteorological order. This has been admitted for the cotton boll weevil in 
.America (Hunter and Pierce, 1912), for the I'orn-borer in Europe (Thompson 
and Parker, 1928), for the almond sawfly in Palestine (BodenheWner, 1928), 
for the cotton seed bug in Egypt (Kirkpatrick, 1923), for plague fleas in 
India (Hirst, Rogers), for vine-moths in Europe (Stellwaag, 1925), and for 
some other notorious pests. The underlying principle of the fluctuations 
in number of insects resulting from climatic factors is that the optimum range 
of each factor is often relatively narrow, and a realisation of optimum condi¬ 
tions for the complete set of factors leading to an outbreak can occur only at 
irregular intervals, sometimes only after a series of favourable years. 
Dependence of the fluctuations on meteorological factors has often been 
suggested on the basis of the general impression that a certain pest becomes 
abundant, e.g., in very dry years, but it is only recently that the study of 
the relations of insect outbreaks to climatic factors obtained a firmer footing 
through the use of cHmographs. It is now more and more customarv, when 
studying an injurious insect, to construct climographs for a series of years, 
or for several localities, and, by comparing and correlating them with the 
relative abundance of the insect, to obtain an idea as to the climatic condi¬ 
tions favourable to its outbreaks. Since three quantities, viz., temperature, 
humidity and the abundance of pest, enter into the .scheme, it has latelv 
been suggested that three-dimensional graphs should be used to express 
their inter-relations. Such graphs have not yet been subjected to sufficient 
tfests, and their practical utility cannot be considered as proved, although 
theoretically they present the only correct solution of the problem. 

What has already been said with regard to the shortcomings of climo¬ 
graphs in the studies of distribution of insects, holds good in the application 
of climographs in the studies of the fluctuations in the abundance of an 
insect. It must be realised that only approximately conclusions can be made 
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with regard to the value of one, or the other, of th^ climatic factors involved 
in the periodic fludtuations, as long as the cUmographs are based on the 
standard meteorological data, and not on the micro-climatic observations 
in the actual habitat of the insect under investigation. Another way out is 
a study of the correlation between standard meteorological data and the 
micro-climatic conditions of the habitat, so that the standard data can be 
converted to represent the micro-climate, but this has not yet been attempted. 

If the relative abundance of an -insect and its fluctuations have been 
studied on the basis of a large number of data, the deductions obtained may 
be used for forecasting’ the possibility of an outbreak of the insect. For 
example, outbreaks of the American pale western cutworm (Porosagrotis 
orthogonia Morr.) have been found to depend on the total amount of rainfall 
in May, June and July of the preceding year; the critical amount of precipita¬ 
tion varies with the temperature and prepuces a definite critical soil moisture. 
If the moisture exceeds the critical amount, the number of cutworms 
decreases in the following year; if the moisture be less than the critical 
amount, the number of cutworms increases. The effect is cumulative and 
severe outbreaks may follow a series of dry years (Cook, 1927). In this case 
the possibility of forecasting an outbreak is clear, and there is little doubt 
that the climograph method will prove its usefulness in this respect in many 
ether cases, if properly applied and based on sufficient data. At the same 
time, it must never be forgotten that the factors controlling the abundance 
of an insect may be, and often are, other than temperature and humidity, 
so that a blind application of climographs to every case w'ould be unreason¬ 
able. 

My present survey of the problem of the relations of insects to weather 
and climate has been much too brief to permit the discussion of all its aspects. 

I hope, however, that I have at least succeeded in one of my aims—namely 
to illustrate the importance to entomologists of meteorological and climato¬ 
logical studies. There is a vast number of entomological problems which 
cannot be solved without the friendly help of meteorologists, and it is to be 
hoped that a close co-operation between these two sciences will rapidly 
develop in the immediate future. 
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THE BALANCE OF NATURE* 

T his old-fashlonecl phrase, “the balance of nature,*’ sums up many 
interesting facts which show that animate nature is well-adjusted 
to keep agoing, and that smoothly. Living creatures have been 
sojourning together on the earth and in the waters under the 
earth for so many hundreds of millions of years that they have 
become adjusted into a system, which has staying power, and is not always 
stumbling to pieces. Their numbers and their claims have attained to some 
degree of harmony ; and though this is often disturbed locally or temporarily, 
there is an automatic tendency to get back to a viable balance. 

On the Scandinavian tablelands there are large numbers of little rodents 
called Lemmings—like small editions of Guinea pigs; and every four years 
or so (in the period since precise observations began) there is an over¬ 
population crisis. The lemmings, having outrun the means of subsistence, 
having, in fact, devoured all the vegetation, unite in companies and go on a 
march, from which there is no return. Large numbers are found drowned 
on the shores of the Baltic and the North Sea, and most of the trekkers come 
to grief in other ways. Yet after a couple of years things are once more as 
they were. The balance has been restored. Lemmings are still flourishing, 
but for some other types in the past such crises have proved too serious, and 
species have been exterminated. Yet even more striking is the tendency 
that things have to right themselves. 

A Wave of Life ,—In his Naturalist in La Plata, W. H. Hudson tells of 
the summer 1872-1873, that it was rich in sunshine and showers, blossoms 
and wild bees. But the fine weather was also very favourable for mice, 
which devoured the bees in their nests, and became so numerous* that one 
could scarcely walk anywhere without treading on them. Cats became wild 
hunters; dogs ate almost nothing but mice; foxes, weasels and opossums 
fared sumptuously; tyrant-birds, Guira cuckoos, and even fowls became 
mouse-eaters. Countless numbers of storks and short-eared owls came to 
assist at the bountiful feast. But the winter was one of continued drought; 
the herbage was consumed or turned to dust, and, w’ith the disappearance 
of their food and cover, the mice ceased to be. The army of enemies, now 
retreating vcith discretion, cleared off the residue of mice so thoroughly that 
“in the spring of 1873 it was hard to find a survivor.” The wave of life 
was lost in the sand, and soon things were as though nothing had happened. 

Plants and Animals .—What we wish to do in this article is to analyse 
and illustrate the ecological idea of the Balance of Nature. We naturally 
begin with the most fundamental relation, that between green plants and 
animals. Those who have tried will admit tlie difficulty of adjusting the 
balance of plants and animals in a self-contained aquarium which is not 
artificially aerated. At one time the plant gets the upper hand and may so 
crowd the water that the animals have not room to move about. At another 
time, the animals get the upper hand, and by devouring all the plants leave 
the water so poor in oxygen and so abundant in carbon dioxide that they 
suffocate. In other cases the animals are poisoned by their own nitrogenous 
waste-products, which are normally absorbed and utilised by the green 
plants. Now the point is that these aquarium disasters are unusual in 
natural conditions. 

* By J. Arthur Thomson, M.A., LL.D., in The Journal of the Ministry of Agriculture, 
Vol. XXXVI, No. 9, December, 1929. 
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The most fundamentally important vital process in the world is ihe 
photosynthesis efl*ected by green plants. The plants utilise the energy of 
the red-orange-yellow rays of the sunlight to build up carbon dioxide and 
water into sugars and other carbon-compounds at the same time liberating 
cx>gen as an all-important by-product. The carbon-compounds made in 
the green leaves form the food of the plants themselves, and of all the 
animals that feed on plants. Even when the animal is a thoroughgr^^if>g 
carnivore, a few links in the nutritive chain bring us back to green plants.' 
All flesh is eventually grass and all fish is eventually diatom. The green 
plant whether grass or diatom, finds the raw materials of its food in carbon 
dioxide, >vater, and dissolved salts; and the synthetized nutritive compounds 
—carbohydrates, fats, and proteins—are abundant enough to su tain the 
animal world as well as the plants themselves. Locally and tempora 'i’y, 
as in plagues of voles or of locusts, the animals may devour all the available 
plants; hut it is plain that this is a rare, not a normal, occurrence. Oi the 
whole, the nutritive balance is preserved. 

Not less important, though less frequently realised, is the fai l ihat gr.ea 
plants have made the oxygen of thf air, on which animal life depends. 'I'he 
original atmosphere of the earth was rich in carbon dioxide and vva\er 
vapour; it had also some nitrogen, but very little oxygen—the productio i 
of which was and continues to be to the credit of green plants. 

The Living and the Dead ,—Surprise has often been expressed a: the 
fact that w^e do not usually see many dead animals lying about. After storms 
the flat beach is sometimes strewn with sponges, zoophytes, jellyfishes, 
starfishes, sea-urchins, and molluscs which are throw’ii up in profusion by 
some peculiar combination of wind and wave, but on land it is very rarely 
that we .see any analogue of this jetsam. We have known of two hundred 
small birds being gathered in one farmyard after a night of very severe 
frost, but such an occurrence is so rare in North Temperate countries tha; 
we remember it all our life. Part of the reason for the rarit/ of dead 
animals is^that so many creatures are devoured by others; and another part 
of the reason is that there are numerous scavenger animals like sexton 
beetles and the larvae of carrion flies which bury or do away with the dead 
bird or mammal. Deeper, however, is the r61e of Bacteria, which are of 
great assistance in securing the smooth working of Nature, A dead animal 
rots; that is to say its tissues are broken down by bacteria and converted in 
course of time into salts, ammonia and water. What is restored to the soil 
may soon be absorbed by the roots of plants, and even the ammonia that 
steals off into the air may be recaptured and brought again into the service 
of life. Thus bacteria complete a wide circle; they unite dead animal and 
living plant. 

Nutritive Chains ,—^There are many illustrations of what may be called 
a nutritive balance between different kinds of animals. 1'hus gulls often 
eat fishes, and fishes often eat crustaceans, and crustaceans often depend 
on diatoms ; and some sort of balance must be sustained, year in and year out. 
A correlation has been convincingly worked out between the catch of 
mackerel, the abundance of the small crustaceans called Cope-pods, and the 
density of the marine population of microscopic Peridinid Infusorians, besides 
the still more minute diatoms, which form a very important part of the stock 
of the sea-soup. If one link in the nutritive chain is weakened, say the 
Diatom link by lack of sun.shine, the result may be felt at Billingsgate. 

It is said that a pound of cod's flesh involves the cod's consumption of 
ten pounds of large whelk or buckie, and that a pound of this muscular 
Gasteropod demands foi" its construction ten pounds of sea-worms : and that 
a pound of worms is in turn the re-incarnation of ten pounds of microscopic 
organisms or organic particles. Thus in eating a pound of cod’s steak for 
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dinner the Hungary man is devouring a thousand pounds of transmogrified 
sea-dust; and the world is full of these cycles of re-incarnation or re-embodi- 
ment. This illustrates the idea of nutritive chains, which contribute, 
essentially to the Balance of Nature. 

1'his large biological idea of nutritive chains finds many illustrations that 
affect practical interests. Thus it has been noticed in some parts of Britain, 
eJ.g., the ‘^garden of Moray,** that the habits of Herring Gulls have changed 
very much for the worse during the last generation. They have become less 
markedly fish-eaters and very hungrily vegetarian. They sit on the “stocks** 
:n the harvest fields and gorge themselves with corn. They work up the 
rows of turnips, scooping out one after another, and pecking at more than 
they devour, thus opening the way to fungi and thread-worms. How has 
this change come about ? Part of the answer is that Herring Gulls have 
become much more numerous. This may be because the natural enemies 
of the young, such as Sea Eagle and Peregrine Falcon, have disappeared or 
become rare; or because the eggs are not collected by man so systematically 
as in former thriftier days; or because some measure of protection has been 
extended to the adult birds. If it be objected that there are plenty of fish 
in the sea for all the gulls, the answer is that gulls do not dive and are 
therefore restricted to fishes swimming near the surface. It is quite possible 
that around some parts of Britain there are not enough of these to meet the 
demands of the increased numbers of Herring Gulls. Hence-the change of 
diet. 

'I'he sound Natural History objection to any rapid elimination of any 
type of animal is that it may result in a disastrous disturbance of a long- 
established balance. To some extent it is good sense to connect a plague 
of voles and the like with the destruction of the natural checks to their 
increase, such as hawks and owls, weasels and stoats. This is not the 
whole story, for climatic cycles have their influence; but it is one factor in 
the mischief. And it cuts both ways, for it has been shown that the supply 
of fox skins in Hudson Bay Territory drops when the lemming peculation is 
much redut'ed b) starvation or epidemic. 

('arnivores aud Rodents ,—Of great importance in connection with 
agriculture is the balance between small rodents and small carnivores. An 
upsetting of this spells disaster. The rabbits in Australia illustrate this 
tragically, for in main the prodigious multiplication of those that were 
imported to the great Island Continent was due to the absence of the natura’ 
carnivorous checks. 'I'he same is true in regard to the calamiltuis increase 
of J^uropean sparrows in the United States, into which small r umbers were 
imported on repeated occasions, in the hope of countering the attacks of 
elmtree eaterpillars. Whether natural checks are exterminated or were 
never present is immaterial; and the introduction of new comers into a 
country where there arc no adequate checks will have of course ihc same 
results as the elimination of the natural checks in the old country. 

Everyone knows the instructive story of the introduction of the mongoose 
into Jamaica. There are in Africa and India several kinds of the-e energetic 
fearless carnovores, which serve a very useful purpose in checking the 
increase of small rodents and of snakes. To check the imported Oriental 
rats, which have followed man like a shadow on all his vovages, the 
mongoose was introduced into Jamaica, where it did good servii c. It not 
only counteracted the rats, but it turned its attention effectivcK to the 
native “cane-rats,** small murine rodents very destructive in the sugar 
plantations. Having finished with the rodents, the indefatigable carnivores, 
who had now multiplied considerably, began to attack the poultry and the 
young of ground-nesting birds. Tliey also attacked certain lizards and 
snakes, and several species were exterminated. But both the birds and the 
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icptlles had been playing- a useful part in checking the multiplication of 
various injurious insects, which now began to increase to the great detriment 
of certain crops. Thus the cure began to evolve a new disease, and this 
particular case is but one out of many. Consequences are not single, but 
multiple. 

Operating on nature is like playing chess—one has to try to see the 
distant consequences of a move. Some years ago in the North of Scotland 
a price was put on the squirrel’s head, because of the damage it did in eating 
off the tops of young'forest-trees. But as the squirrel’s heads came tumbling 
in, month after month, for two or three years, all with the forester’s appro¬ 
bation, a cloud rose in the sky, just as with the mongoose in Jamaica, for 
there was an alarming increase in the numbers of wood-pigeons. And these 
birds arc on the black list as far as agricultural interests are concerned. 
The connexion, far from obvious at first, is that squirrels, vegetarians 
though they be, are unable to resist the gustatory appeal of the young 
pigeons they see in the nests on the trees. So the fewer squirrels, the 
more wood-pigeons and the worse for the farmer. 

Birds and Insects .—Of all these natural checks the one that means most 
to man’s interests is that between insectivorous birds and injurious insects. 
When we think of the legions of plant-bugs (Rhynchota), the hosts of 
hungry larvae, such as caterpillars, leather-jackets, wire-worms, the minute 
Diptera like the Fruit-Fly, the vegetarian beetles like cockchafers and 
weevils, besides saw-flies and scale-insects, and the frankly destructive tribe 
of locusts, we realise that their increase is a continual menace to the kingdom 
of man, which, after all, depends as yet on green plants of the field. If the 
cloud of injurious insects should thicken for a few years, the consequences 
would be disastrous beyond telling. Local plagues, now of locusts and 
again of caterpillars, here of cotton boll weevils there of Phylloxera in the 
vineyard, hint to us loudly that our whole economic system may be readily 
imperilled if the natural checks to the multiplication of the injurious insects 
should ce*ase. 

Changeable weather puts an end to many insect-pests; a few commit 
race-suicide by devouring all the food, but this is rarely possible with field- 
crops ; fortunately for man, insects are often against insects—lady-bird 
beetles against green-flies and ichneumons against caterpillars, and so on; 
spiders, frogs, toads, lizards, and other animals do their bit; but on the 
whole, what matters most is that there should be an abundance of insecti¬ 
vorous birds, for they form the most important of all checks to the multipli¬ 
cation of injurious insects. We do not ourselves believe that there are data 
for prophecy, but some naturalists of distinction have said that if our 
insectivorous birds were wiped out—and they are being continually menaced 
—our whole bionomic system would come to an end within six to ten years. 
Whether this is or is not a sound prediction, it is absolutely certain that 
every reduction of birds that feed on injurious insects means a loss to 
agriculture. 

Flowers and their Insect Visitors ,—No naturalist can have any antipathy 
to insects even when they puncture the farmer’s and gardener’s and colonist’s 
inflated hopes. They are so intriguing, so subtle, so masterful—^with as 
much right to live, if the phrase has any meaning, as any other creatures. 
They are fascinating even when they are sinister. Many of them are 
directly beneficial to man, as silk and honey so well illustrate; others like 
ichneumon flies, are invaluable in checking pests; but the insects that mean 
most to man are those which secure the cross-pollination of flowers. In 
search of nectar and pollen, so often advertised by brilliance and colour, by 
fragrance and form, many insects, such as bees, butterflies, and two-winged 
flies, visit flowers and unconsciously secure cross-pollination. Without 
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poUination the possible seeds or ovules cannot in ordinary cases become 
real seeds that will germinate; and cross-pollination tends to secure not only 
more seeds but a better quality. Thus one of the most important instances 
of the Balance of Nature is that between flowering-plants and their insect- 
visitors. This is not affected by the fact that some of the plants that are 
most valuable to man, such as cereals, are pollinated by the wind-borne 
pollen-grains. 

We have said enough to illustrate the biological idea of the Balance of 
Nature. Different kinds of living creatures have evolved together and 
become mutually dependent, so that increase or decrease on one side of the 
correlation inevitably affects the other. This is ot great practicarimportance, 
warning man against upsetting what has been long established and automa¬ 
tically adjusted in Nature. The destruction of insectivorous birds means 
multiplication of injurious insects; the introduction of rabbits into a new 
country where their natural enemies arc not represented leads to agricultural 
disaster; the careless introduction of weeds into new surroundings where 
they are not kept down has often been calamitous; even the apparently 
irreproachable destruction of poisonous* snakes may be soon followed by a 
plague of small rodents which they helped to keep within bounds. Ignor¬ 
ance is usually very costly, and not least when it disturbs the Balance of 
Nature. 

Man as Balancer .—But we must close with a more positive note, that 
man, with increasing knowledge, is learning to adjust a balance which he 
has helped to disturb. Thus, to take a well-known instance, he has been 
able to cope with the Australian Fluted Scale-insect {Icerya purchase) which 
threatened at one time to put an end to the citrus trees in California. In 
1888, Riley and his collaborators imported from Australia a lady-bird beetle 
(Novius cardinalis) which is the native enemy of the Scale, and in less than 
eighteen months the conquest of the pest was assured. The Fluted Scale- 
insect has been practically exterminated in California and the United States 
has sent the effective Ladybird to other Scale-infested countries, such as 
South Africa and Egypt, with happy results. In hoc signo labor emus. 
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CINCHONA IN THE BRITISH EMPIRE* 

T he value of the cinchona tree (Cinchona Ledgeriana) as a source 
of quinine is common knowledge, but the considerable work 
undertaken by British medical officers in the past in making use 
of the product of this tree as a preventive against malaria is not 
so well knbwn. I'he cinchona tree was introduced into both 
India and Java between the years 1854 and 1864. Prior to about 1880, the 
world’s silpply of cinchona bark was obtained from the native forests in 
Ecuador, Bolivia, and Peru. It was only after the export of bark from 
tiiese regions could no longer be relied upon that attempts were made to 
grow cinchona elsewhere. The British were among the first to succeed in 
bringing the tree under cultivation. The pioneers were such men as Weddell, 
Hasskarl, Markham, Ledger, and others, and it was by iheir efforts that the 
establishment of important supplies of the drug became a practical proposi¬ 
tion. 

The early attempts lo cultivate the cinchona tree met with considerable 
success, and private persons took up the business as a commen'ial proposi¬ 
tion. In the early clays of cultivation, experiments were made in India, 
Burma, Ceylon, Malaya, the Sudan, Jamaica, Trinidad, St. Helena, 
Mauritius, Australia and New Zealand; but these experiments were not 
always followed up lo a definite conclusion. In Ceylon and India the efi'orts 
were successful, but private planting was soon given up and the Covernment 
has been mainly responsible for the supplies. Within the Empire, theiefore, 
at the present day, India is the only country where cinchona is grown on 
a large scale. There are (Government plantations in the Nilghiris in the 
south, in the Darjiling district in Bengal (perhaps the best known), and a 
more recently developed one in. Burma. There are also quinine factories 
both in the«Bengal and Madras Provinces. 

A recent paper by Dr. J. M. Cowan, of the Indian Forest Service and 
officiating Director, Botanical Survey of India, and Superintendent of 
Cinchona Cultivation in Bengal, entitled “Cinchona in the Funpire : Pn gress 
and Prospects of its Cultivation’' (Empire For, Jour,, Vol. 8, No. 1 (1929) ), 
discusses the present position of the cinchona and the future prospects of 
its cultivation. 

The enormous importance to the human race within the Empire of the 
perpetuation of supplies of quinine will become evident when ihe question 
of malaria prevention is considered. We have w'ithin the Empire a large 
proportion of the malarial tracts of the w^orld. Prof. Muller of Cologne 
estimates that some 800,000,000 people suffer from malaria; and according 
to Sir Ronald Ross there are 2,000,000 fatal cases every year. It is further 
estimated by Dr. Andrew Balfour that the direct loss sustained by the 
British Empire due to sickness and death caused by malaria is in the neigh¬ 
bourhood of between £52,000,000 and £62,000,000 per annum. 

Apart from financial considerations, it will be apparent that the responsi¬ 
bilities of the British Empire in this question of malaria prevention or reduc¬ 
tion are heavy. The question has become an international one, and an 
organisation for anti-malarial work has been set up by the League of 
Nations. The policy of this organisation is primarily the quinisation of 
affected populations. Hence the cultivation of the cinchona tree becomes 
a question of first importance. It is to a consideration of this matter that 
Dr. Cowan’s paper is devoted. 


^ From Nature of Decembf-r 7, 1929. 
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In India, then, the rultivation of cinchona is confined to Government 
activities. It was not until 1910-11 that a similar problem had to be faced 
in Java. Conferences were held, and manufacturers in Holland and 
growers in Java came to an agreement by which profits were to be shared 
and by which prices could be maintained at a level which w^ould show^ satis¬ 
factory returns. The disaster which threatened the Java plantations was 
averted to a great extent by the adoption of this policy ; and supplies are 
now available for the world demands. That the action taken in Java was 
thoroughly practical, a comparison betw^een the two countries readily 
demonstrates. Th-ety commenced to give attention to the question about 
the same time and the facilities in both regions were abundant. Yet Java 
now produces well over 90 per cent, of the world’s supply of cinch*ona bark 
and India only 4 per cent. A very small percentage of the bark utilised 
comes from South American forests. The production in India represents 
only about one-third of the amount actually consumed in the country itself. 
She is therefore at presejnt not only unable to supply her own demands but 
also, in common with the rest of the world, is dej>endent upon the Dutch 
plantations in Java. 

Dr. Cowan explains one of the probelms wlrch has so far guided the 
cultivation of Cinchona. “It is a well-knowm fact that to grow cinchona 
on the same land for a considerable number of years is a difficult and 
hazardous undertaking, for the first crop, in some mariner not altogether 
understood, renders the soil, at least temporarily, incapable of producing 
a satisfactory second crop. As long as there is an unrestricted area of 
lorest land the above factor seems of little consequence, but it makes itself 
lelt more, and more as the years go on and there is an increasing shortage 
of land carrying virgin forest.” 

Dr. Cowan discusses the methods of growing the crop, for details of 
which the enquirer is referred to his paper. Harvesting the bark commences 
in a block from about the fourth year, the material consisting of prunings 
and thinnings. The crop is reaped, the trees being uprooted so as^ to obtain 
the maximum of bark, in about the tenth-year. The bark is removed, dried, 
stored, and then passed on to the quinine factory. 

I'wo problems, in the author’s opinion, demand urgent solution : the 
first is to find additional suitable land, an investigation in which other 
parts of the Empire should join : and the second is to enhance the output 
per unit of area. Research work is also necessary with regard to particular 
strains which yield high percentages of quinine. 

The price of quinine is at present very high—£1. 9s. 6d. per lb.—so 
high as practically to prohibit extensive anti-malarial measures. On this 
subject the Royal Commission on Agriculture in India in its report (1928) 
stated: “If India is to embark on any large campaign Tor fighting 

malaria, w^e are convinced that it will be first necessary to reduce consider¬ 
ably the price of quinine within India, and this can only be effected if India 
is self-supporting in production. To achieve this self-sufficiency a con¬ 
siderable extension to the present area under cinchona will be required .... 
We are satisfied that, in view of the great importance of extending cinchona 
cultivation and cheapening quinine much more scientific investigation is 
called for than has been undertaken in the past.” 

Dr. Cowan has done well in summarising the present position and 
in pointing out the great importance to a large section of the human race 
of the development of quinine production. 
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VALUE TO RUBBER GROWERS OF THE 
WORK IN LONDON OF THE CEYLON 
RUBBER RESEARCH SCHEME* 

T he demand for rubber arises from its unique physical properties, 
but the fact that rubber and articles made from it are not as 
uniform ‘in their qualities as articles made from materials 
commonly used in engineering and allied industries is a serious 
handicap in the way of more extended application. It is the aim 
of the work in London to improve the uniformity of rubber with a view to 
promoting a wider sphere of usefulness, lower manufacturing costs in 
Europe and America, greater sales of rubber articles and an improved 
demand for the raw material. 

For this purpose a study is being made of the effect of plantation 
practice on the more important properties of rubber. The information 
obtained is useful to the rubber grower not only because it ensures thdt 
methods of preparation are fundamentally sound, but also because the moie 
thoroughly the behaviour of rubber is understood, the easier it is to control, 
resulting in cheaper manufacturing costs, a wider scope and an improved 
demand. ^ 

I'he practical value of this procedure is illustrated by reference to the 
work on problems connected with vulcanisation which received a consider¬ 
able amount of attention several years ago. At that time manufacturers 
were handicapped in their use of plantation rubber by serious variations in 
vulcanising properties, and there is no doubt that the work of plantation 
chemists, by providing a wealth of knowledge concerning the factors 
iiiMolved, did much to remove a difficulty which at one time seriously 
militated against the use of plantation rubber. 

Since then many changes have occurred in manufacturing practice in 
Europe and America and problems conniected with uniformity have grown 
more complicated. More than one property requires consideration before 
a sample can be pronounced free from abnormality. A detailed investigation 
of this question has been made in London, as a result of which it is con¬ 
sidered that more active steps may now be taken to obtain intrinsic 
uniformity in the East. For this purpose it is proposed to study the 
product of all rubber producing units in Ceylon and to carry out investiga¬ 
tions in situ with a view to suggesting a remedy where abnormalities are 
found. 

PLASTICITY 

With the development of modern methods of manufacture new difficul¬ 
ties have arisen in the use of plantation rubber. For this reason problems 
connected with plasticity now occupy a prominent position in the programme 
of work in London. A considerable amount of difficulty is experienced by 
many manufacturers in plasticising and moulding to shape some consign¬ 
ments of first grade rubber, but the same difficulty is not experienced with 
crudely prepared material such as the lowest grades of rubber. If an 
appreciable amount of low grade rubber or reclaim is mixed with the best 
grades the difficulties of manipulation are decreased. Consequently the poor 
and irregular plasticity of some consignments of first grade crepe and 
sheet interferes with the demand for carefully prepared rubber and improves 

* By Mr. G. Martin, B.Sc., A.I.C., F.I.R.L, Chemist and Superintendent in London 
of the Ceylon Rubber Research Scheme. A memorandum elaborating the statement 
made by him to the Executive Committee of the Scheme in July, 1929, and submitted to 
and approved by the London Committee on 81st January, 1930. 
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that for crudely prepared material. Interested parties sometimes assert that 
the quality of first grade rubber is improved by mixing with it a certain 
amount of reclaimed rubber, because the latter being soft and tacky enables 
the new rubber to be worked more easily and to be mixed more thoroughly 
with the necessary compounding ingredients. If regular and large supplies 
of first grade rubber of satisfactory plasticity were forthcoming it would 
undoubtedly increase the value of well-prepared material compared with that 
of reclaim and crudely prepared rubber. Moreover, if the whole of the 
better grades of plantation rubber were uniformly plastic, they would lend 
themselves more, readily to developments in manufacture which are essential 
to the progress of the industry as a whole. • 

Considerable progress has been made in London with the investigations 
on plasticity. When thct study of this question was commenced at the 
Imperial Institute by the London Stall of the Ceylon Research Scheme little 
was known about the subject apart from general experience. From a crude 
and unreliable method of determination one has been developed which 
promises to be quick and accurate and, in the opinion of the London Stall, 
marked improvement on methods employed elsewhere. This has involved 
a considerable amount of work which was only completed last year. 

A preliminary examination of the extent of variability in plasticity of 
rubber from about twenty-five estates in Ceylon showed that it was appreci¬ 
able, and the effect on plasticity of a number of factors in preparation was 
accordingly studied. 'J'wo important conclusions have so far been arrived 
at, (1) the use of sodium bisulphite has an appreciable hardening effect, and 
(2) the conditions under which rubber is stored in luirope, may have con¬ 
siderable influeiK'e upon plasticity. Investigations are still proceeding with 
regard to the effect on plasticity of factors in preparation, and arrangements 
have been made for the effect of conditions of storage to be more fully 
explored. Preliminary experiments also showed that machine-dried crepe 
was more uniformly plastic than other grades of ( repe and sheet, but this 
will require confirmation by many more experiments before* it can be 
definitely accepted. 

The possible effect of this work on factory practice in the. Fast is 
naturally of considerable interest to the rubber grower. There are many 
possibilities of which the most obvious is that a demand might arise for a 
particular type of rubber such as machine-dried crepe, or, as it is proposed 
to ascertain wdiich estates are supplying rubber with abnormal properties 
and to study the preparation of rubber on these estates, the work may lead 
to recommendations for the modification of methods of preparation on 
individual estates. 

It must be remembered, however, that other organisations besides 
those of the rubber producers are working on problems of plasticity, and 
judging from the parallel case of vulcanisation it is expec ted that the work 
of chemical manufacturers oh softeners, of rubber manufacturers on mani¬ 
pulation, of reclaim manufacturers on the perfection of their product, and 
of rubber producers on causes of variation will eventually lead to a method 
of control which, although it may not revolutionise present procedure in 
the East, will nevertheless increase the usefulness of rubber and improve 
the value of the better grades of material. 

INVESTIGATIONS SOLELY FOR THE BENEFIT OF THE 

PLANTER 

No attempt is made in this outline to give detailed reasons for each 
item in the programme of work. Rubber is the basic material of a wonder¬ 
ful assortment of manufactured articles involving different conditions of 
manufacture and service, and calling into play different properties. It is 
not a simple matter to decide which properties can be studied with the 
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greatest advantage, but the close co-operation between planters and mauu- 
lacturers on the London Committee has been of considerable value in 
enabling the staff to arrange that their tests shall be of the maximum utility. 
For this purpose it has been necessary to devote some time to a study of 
what may appear at first sight to be manuiacturing problems such as the 
control of mastication, vulcanisation of technical mixings, and the ageing 
of vulcanised rubber. As explained in the introduction the sole object of 
these investigations is an improvement in the demand for first grade planta¬ 
tion rubber; tiiey are therefore of considerable value to the rubber grower 
and require studs' from his point of view. The work on mastication was 
undertaken in order that the results of plasticity tests should have the 
greatest practical value. 'Fhe work on the vulcanisation of technical mixings 
has made it possible to classify the different types of variation encountered 
in manufacturing practice and to carry out investigations to obtain unifor¬ 
mity. rhe work on the ageing* of vulcanised rubber has prevented the 
approval of samples which gave satisfactory results when tested soon after 
vulcanisation but which had poor ageing properties and might have given 
poor service. For example, in connection with thi‘ study of the quality of 
air-dried sh(‘et now receiving so much attemtion in Ceylon it was shown that 
one darkening agent tried was unsuitable and that drying without smoke 
under certain conditions might give undesirable properties. 

It will be seen that many considerations enter into the reasons for 
inV'estigations in London. Although the objects may not always be 
aj)parent tt) those who are not familiar with manufacturing operations it 
cannot be too stiongly emphasised that no Investigation is carried out by 
the staff in London unless it will directly or indirectly benefit the rubber 
grower. 

COMPETITION BETWEEN RUBBER AND 
OTHER MATERIALS 

Although plantation rubber is in the fortunate position of having no 
serious rival at present with regard to its principal use (rubber tyres), there 
are a number of uses where competition 'already occurs. 

A recent newspaper article by John Haworth, Secretary of the India 
Rubber Manufacturers’ Association, states: “In practically every branch 
rubber is faced bv competition of products which fulfil the same functions, 
although not so efficiently.” In order to meet this competition attention is 
being given in London to the determination of the technical factors which 
hinder the use of plantation rubber for specific purposes and endeavours are 
being made to as('ertain whether special types c*an bt‘ prepared which will 
give the necessary measure of superiority over alternative materials. In 
this connection investigations are proceeding* with a view to increasing the 
usefulness of plantation rubber with respect to (a) ebonite, which has to 
compete with synthetic products and (b) tape and thread for which fine 
hard Para is still frequently used. With regard lo the investigations for 
the improvement of ebonite, the Rubber Research Scheme is co-operating 
with the Research Association of British Rubber Manufacturers and the 
Electrical Research Association. 

In conclusion, the work in London is designed to improve the usefulness 
of plantation rubber by preventing the adoption of unsound methods of 
preparation, by increasing uniformity, by encouraging and extending the 
use of first grade material, and assisting it to meet competition from alter¬ 
native products. 

IMPERIAL INSTITUTE, 

SOUTH KENSINGTON, 

S. W. 7. 

February, 1930. 
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A SHORT REVIEW OF THE PRESENT 
POSITION OF THE PLANTING OF 
BUDDINGS OF PROVED CLONES* 


Q URSIIONS relrjtin^ to the distribution of biiddingfs in the field 
have received i\ considerable amount of attention during the past 
two years. lo make the position more clear a resuvic of the 
advice whic h has been given from time to time on this subjec'i 
may prove useful. 

Some six years ago Dr. Heusser, of the A.V.R.O.S. hTxperiment 
Station in .Sumatra, published the results of his first tapping experiments 
on budded trees (192v^». Ihe results obtained with certain clones were 
so promising that it was advised that the future planting material should 
consist ol an eciual mixture of buddings of the best clones and seed¬ 
lings from the best available mother tree seed. At that time buddings 
had not been tapped lor a sulTiriently long period to jiistifv planting them on 
a ( ommerc'ial scale without the precautioil of mixing them with seedlings. 

At the prc‘scnt time the position has changed considerable ; the results 
of subsequent tapping tests over a period of six years have borne out the 
promise of success indicated in the <‘arliesl experiments. Fo' .certain clones, 
e.g., A\ ROS clones 49 and 50, long records arc* available. Of equal 
importance with the high yielding properties of suc h c lones early doubts as 
to the future behaviour of budded trees with rc*gard tcv bark renewal, resis- 
tanc'e to disease*, and liability to mec'hanical damage* have been dispelled 
to a great extent. 

It is important to l)c*ar in mind that the planting of sec'dlings mixi‘(l 
with buddings was advisc*d as a prec'autionar, mc*usur(\ In the event of 
the biitlding prening unsatisfaciewv in later vears it was considered that 
this policy v\ould allow of th(*ir removal lea\ing the area still fiillv planted 
with seedlings of good quality. • 

Since it has been proved beyond reasonable doubt that a uniformlv 
high yielding stand of trec^s can be established by planting with proved 
clones the inlerplanting of .seedling^s is now unnecessary. Experience has 
shown that the yields obtained from so-called st*lected seedlings (the seed 
prcxiuccd by higli yielding mother trees, the male parent being unknown) 
are lower and much more variable than the yields obtained from buddings 
of good proved clones. Furthermore, the practice of mixed planting even 
as a prec^autionarv measure has obvious disadvantages. In an area estab¬ 
lished on such a plan there will be a ft‘w seedbngs of high yielding cnpacitv 
which it will pav to keep at the expense of a few of the buddings, but these 
seedling trees can onlv he determined bv laborious individual yield tests. 
'I'his would necessitate leaving all trees, except obviously diseased and 
weakly specimens, for at least one year of c'ommercial tapping, f.e., until 
about the sixth yc‘ar from planting. At this stage* the thinning out of 
alternate trees wT)uld be a costly operation and consiticrablc damage to 
the remaining trees would be unavoidable. During the whole of the period 
')f six years the close planting (200 to 250 trees per acre) required by the 
system would have impaired the general growth. S'n 'c* budded trees in their 
later rears are generally a little less vigorous than non-budded trees, they 
would probably suffer most from the over-crowded conditions. 

A further complication arises in the tapping of huddmgs and seedlings 
in the s?tme area. The bark of a budded tree, at least in its early years, 
does not usuallv show the heavy development of outer corkv tissues charac¬ 
teristic of the lower portions of the trunk of a seedling. This fact gave 
rise to the e arly, exaggerated reports th at b udde d tr ees pr oduced a thin 
* By C. E. T. Mann in Ruhher Research fnstitnie of Malaya — Quarterly Journal, 
Vol, h No. 4, December 1029. 
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bark which, was hardly tappable. Actually the latex producing region of 
the “cortex’^ of a good budding is generally rather thicker than that of a 
good seedling. The absence of the thick outer corky layer does, however, 
make more careful tapping essential. To attempt to modify the tapping 
in a mixed area of buddings and seedlings so that both types of the tree 
will be correctly tapped will be extremely difficult 

These defects in the system were no doubt realised at the outset and 
It is not surprising therefore, as soon as sufficient data on the later perfor¬ 
mance of buddings became available, that the practice was no longer advised. 
The planting of buddings of good clones only, well intermingled, was advised 
for future development. But still a note of caution crept into this advice. 
Areas were to be planted with proved clones of which tapping records were 
available for twx> or three years, and the clones were to be mixed. In large 
areas as many as ten clones were used in this way, sometimes in equal 
proportions but frequently with larger proportions of most promising clones. 

Recent work on the tapping of budded trees has shown that different 
clones behave very differently when tapped on a uniform tapping system. 
Certain clones reach their highest .yield six days from the commencement 
of a tapping period; others reach their maximum yield at a much later 
period. 'Phere is, in fact, very strong evidence that, to get the best yield 
from a clone, tapping will have to be carried out for definite periods wdth 
definite intervals of rest and these periods will differ for different clones. 
Such treatment w'ould be practically impossible in a mixed planting of 
proved clones. 

Hither, only clones of similar yield performance should be mixed in 
a given area or, planting should be carried out in blocks each of a single 
clone if full advantage is to be taken of the individual yield characteristics 
of each clone. To be in a position to adopt such a policy more information 
IS required on the behaviour of a large number of the promising clones 
at present available. Comparatively few^ clones have been tested over a 
sufficiently long period to justify their use in pure plantings. Many of the 
more recently established clones show promise of giving better results 
than those developed in the early days of budding. For the present there¬ 
fore th-e desire to include promising newer clones with the best of the older 
established clones will generally lead to the adoption of a policy of mixed 
planting. During the development of the young areas thinning out will 
be based on the results of continued observation and recording of the original 
budded trees of each clone. Should the oldest buddings of a particular clone 
develop a serious defect in later years it will be possible to remove the 
young budding of this clone from more recent plantings. The increased space 
made available may be utilised by the buddings of more satisfactory clones. 

Applied to plantings consisting entirely of buddings of the oldest proved 
clones this argument loses much of its force. It seems unlikely that bud¬ 
dings of a high yielding clone, which has a satisfactory record over a 
period of ten years or more, will suddenly develop a serious defect. In such 
cases it may be decided to take the risk of such a possibility and, by 
planting sufficiently large areas each with a single clone to reap the fullest 
advantage from the trees when they come into bearing. It seems unneces¬ 
sary to stress the practical advantages of the system from the point of view 
of establishment and maintenance. In the event of the failure of a clone the 
question to be decided appears to be whether it is better for the loss which 
this will entail to be evenly distributed throughout the whole area planted 
or whether to confine the possibility of loss to a particular portion of the 
area sufficiently large to allow successful replanting in the extreme case. 

Though block planting or pure planting of clones has already been 
adopted to a small extent, the question is raised in this article in order to 
indicate the trend of recent development in budding practice* 
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BUDGRAFTING AND SEED SELECTION 
WITH RUBBER 

DEPARTMENT OF AGRICULTURE, CEYLON 
LEAFLET NO. 58 

INTRODUCTION AND POLICY 

T HK purpose of this leaflet is to bring: to the attention of rubber 
growers in Ceylon the considered policy of the Department of 
Agriculture on the testing, provision and use of superior planting 
material in rubber, and to supply brief practical hints for planters 
who wish to open new areas with budgrafts. The policy of 
the Department is described in the memorandum which was placed before 
the Estate Products Committee on September 10, 1929. 'Phe memorandum 
is as follows : 

“From time to time plans for the development of the Iriyagama Division 
have been laid before the members of the Estate Products Committee for 
approval, and it is now necessary to consider certain decisions regarding the 
work of the Iriyagama Division and the policy to be adopted by the Depart¬ 
ment of Agriculture in matters connected with rubber budding and seed 
selection. The decisions in question are noted below. They have been 
made by a sub-committee which was representative of both the Department 
of Agriculture and the Rubber Research Scheme. The appointment of the 
sub-committee arose partly out of the necessity for meeting certain critici.sms 
of the budding work in progress and partly out of the necessity for modifying 
plans of work according to information and views brought from the East 
by Mr. Lord, Economic Botanist of the Department of Agricu1tuT*e, who 
returned in June from a tour of inspection. The sub-committee referred to 
consisted of the Hon. Major Oldfield, Messrs. C. E. A. Dias, L. P. Gapp, 
L. Lord, R. A. Taylor (of the Rubber Research Scheme) and J. Mitchell (as 
Secretary) with Dr. W. Small as Chairman. The name of Mr. H. W. Roy 
Bertrand was afterwards added to it. It is perhaps the case that the appoint¬ 
ment and terms of reference of the sub-committee should have been reported 
to and approved bv the Estate Products Committee, before it began its work, 
but it has to be pointed out that the matters placed before the sub-committee 
w^ere of an urgent nature and that the sub-committee contained among its 
members the four members of the Estate Products Committee who were 
appointed last January to consider certain questions relating to the work of 
the Iriyagama Division. 

The decisions referred to are as follows: 

IRIYAGAMA DIVISION 

(1) Mother trees to he tested at Triyof:ama.—{a) The following Pera- 
deniya and Heneratgoda trees to be tested—ESP 12 and 5, H 2, 24, 400, 
401/440, 445, 439, 411, 75, 82, 47, 26, 21, 140, and 203. (h) Also W 120 

and M 162 (Mr. Dias), Hillcroft 34 (Mr. Gapp). (c) A further selection of 
mother trees from those offered bv Major Oldfield and from those of which 
bud-wood is available at the Nivitigalakele Station of the Rubber Research 
Scheme, the selection to be made by Mr. Lord and Mr. Taylor. 

(2) Foreign clones to he tested at Iriyagama, —Among others Tj 1, 8, 
and 16, BD 5 and 10, AVROS 49, 50, 256, and 71, SR 9, PB 23, Ct 88. 
H 2 to be tested with the foreign clones as a control. 
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(3j Sloe clones, —'fhe size of the clones under test to be reduced 
to 60 trees in pluce of the 120 previously arranged, the clones to be in 12-tree 
plots in randomised blocks with a border row of H 2 or of seedlings round 
each test. Seedlings in 24-tree plots to be included in the trials of clones 
(here also in 24-tree plots) in area 1 in order to test yields of seedlings 
against yields of bud-grafts. 

(4) Records, —Steps to be taken to secure as complete yield records as 
possible of the mother trees in use (see General Recommendations (2) below). 

(5) Stock and Scion ,—A test of scion on its own stock against the same 
scion on vigorous mixed stock to be made, the test to be regarded as a 
general attempt to find out if stock influences scion rather than an attempt 
to show which particular stock will do best with a given scion. 

(6) Numbering of budgrafts, —Terraces to be lettered and the holes to 
be numbered consecutively along the terraces. Where lettering of terraces 
is not possible holes to be numbered consecutively throughout the area. 

(7) Policy in procuring budicood for use at Iriyagama and. in disposai 
of products, — (a) Budwood of desirable mother trees to be purchased if it 
is not given free, (b) All future requests for free budwood from estates 
to be accompanied by an undertaking not to dispose of the products of such 
budwood or of the clones derived from it until the completion of two years’ 
test tappings of the clones, (c) Estates which have supplied free budwood 
to be kept informed of the results of tapping tests of clones derived from 
iheir mother trees in order that they may lay down multiplication nurseries 
tor budwood if the tests show good results, (d) Estates supplying budwood 
to be informed that the Department of .Agriculture may wish to use the 
budwood in the establishment of seed gardens for selection work, (e) In 
the case of budwood which is purchased from estates, the Department of 
Agriculture to be at liberty to dispose of the products in any way that may 
be considered desirable. (/) Products of budwood supplied free to be 
disposed fpf in accordance with the provisions of (h) and (c) above. 

(8) Policy in testing clones of local mother trees at Iriyagama, — (a) 
Results of test tappings of clones at Iriyagama to be published periodically 
and the Department of .Agriculture to be empowered to issue certificates of 
approval when results justify the issue, (b) Approval of mother trees to be 
made known for the guidance of the public and the benefit of the estates 
concerned after one year’s supervised tapping tests. 

GENERAL RECOMMENDATIONS 

(1) Policy in tests of clones of local mother trees carried out on estates ,— 
(a) Arrangements to be made by the Department of Agriculture for the 
supervision of tests of clones on estates if the estates in question express 
a desire for such supervision, (b) When supervision is exercised, the 
Department of Agriculture to publish the results of test tappings for general 
information. 

(2) procedure in the selection of high-yielding trees for mother trees, — 
(a) A preliminary selection to be made of trees reported by tappers or 
overseers to be high-yielders. {h) The yield of latex of the selected trees 
to be measured for twelve successive tappings, (c) Incomplete tappings 
caused, e.g., by wet weather to be excluded from the records, (d) The trees 
to be tapped on the same days and, if possible, by the same tapper, (e) 
After the preliminary work mentioned, the trees to be inspected by the 
Department of Agriculture for selection for further tapping tests. (/) 
Selected trees then to be tapped for a full tapping season by, if possible, the 
same tapper; the latex to be coagulated after each tapping and converted 
into dry rubber, the records of each tree to be kept in a special book for 
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the inspection of the Dcpartmcnl of Agriculture; incomplete tappings to be 
excluded from the records, (g) A record of the height and length of the 
tapping cut at the beginning and end of the season to be kept, {h) Records 
to be expressed when complete as “yield per tapping’’ and a final selection 
of mother trees from the tested trees to be made on this basis. (/) Trees 
under test to be inspected at intervals by the Department of Agriculture, 
(j) Only trees which show a yield of not less than five times the average 
yield of the field in which they are situated to be considered as suitable for 
mother trees, 

(3) Policy it! lasting mother trees nvhich dei'clop brown hast and hark 
rot. —Tests of clones derived from mother trees which have developed brown 
bast or bark rot to be continued. It is felt that these diseases are pre- 
ventible and that the present knowledge of their inheritabilitv does not 
justify the cessation of tests of affected mother trees. 

(4) Seed gardens, —Seed gardens for seed selection work to be estab* 
lished with one, two, and four clones, and steps to be taken to acquire the 
necessary areas. 

(5) Tdentification of local clones. —Steps to be taken by the Department 
of Agriculture to record the seed and leaf characters of local mother trees. 

(6) Bndwood and seed for small-holders, —Twentv-five per cent, of the 
budwood and seed produced bv the Department of Agriculture "and bv seed 
gardens to be reserved for small-holders if they shall express a wish to 
obtain improved material. 

(7) Land for further experimental work. —Steps to be taken to acquire 
land to replace the land at Paspolakande which is not now available:. 

(8) Propaganda work and puhlications. —Steps to be taken to impress 
upon estate authorities the nei’(*ssitv for rubber budding and selection wwk ; 
to prepare for circulation a leaflet which will embodv the above decisions 
and will make clear the steps that ouirht to be taken and the conditions on 
which the Department of Aericulture will render advice and assistance in 
budding and selection work.” 


PLANTING 

For estates contemplating planting new or replanting old areas, the 
following brief hints mav be useful. Planting mav be done either with 
mixtures of proved clones onlv or with mixtures of such clones together 
vath alternate rows of selected seedlings. With the present experience of 
biidgrafts there would seem to be little point in includinc* seedlings unless 
they are from seed of verv high-vielding trees. One method of planting 
to have plants 15 ft. bv 15 ft. f193 trees per acre) with the different r1or.es 
running along the diagonals. This allows of complete clones being cut out 
after the first year’s tapping. In anv event the stand of 193 trees per acre 
should be reduced to 100-120 within five or six veiars. At least five clones 
should be used. At present no Ceylon mother tree has yet been proved 
but proved Dutch and Malayan clones are available. In addition to the 
foreign clones mentioned in the first section of this leaflet, AVROS 183 
and 152 mav also be included, if desired, in planting programmes. The 
clones recommended here comprise some of the best planting material 
available at present. As further tappings of these and of other clones 
become available the list mav have to be amended. 

Budgrafts frequently put out lateral branches low down on the stem. 
Such branches appearing within six feet of the ground should be thumbed 
off when young. This height is recommended as it may be found economi¬ 
cal to tap budgrafts on two cuts. 
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I he best method of lapping budgrafts has not \ el been found either 
by experience or by experiment. If, as is held in some quarters, high- 
yielding trees are more susceptible to brown bast some modification of the 
normal Ceylon method of tapping may be necessary. By the time the 
question arises in Ceylon th)e Department of Agriculture will be in a position 
to issue recommendations. 

HOW TO OBTAIN PLANTING MATERIAL 

At the moment Malayan and Dutch material has to be imported. It 
may be imported either in the form of budwood or as budded stumps. If 
arrangements are made to have budwood shipped immediately after cutting 
and to he taken to the estate and budded immed.ately on arrival in Colombo, 
budwood from as tar a wav as Java will give* a satisfactory number of 
successes, but the purchase ol bu(ld(‘d stumps is perhaps safer. A list of 
firms suppling budwood and budded stumps may he obtained from the 
Director of Agriculture, 

I he purchase of sufficient stumps to plant an area ol budwood to bud 
an area in the field is costl). One way of providing material for field use is 
to purchase slumps or budwood to form a budwood multiplication nursery. 
In a year after planting or budding each plant on good soil should produce 
at least two yards of good budwood with, it may be estimated, fifteen buds 
to the yard. 

Stumps in budwood nurseries should be spaced 3 ft. bv 3 It. and for 
the first year it is considered advisable to allow onlv one shoot to grow. 
In the second year, after I'utting and using th(‘ budwood at tlie emd of the 
first year, two shoots (or branches) may be allowed to grow. Supervision 
is necessary to see that the shoots gfowdng are actually produced by the 
scion and not by the stock. A budwood nurscrv should be W'ell manured, 
if necessary, to encourage vigorous growth. 


BUDDING 

The operation of budding can rapidly be learned by intelligent coolies. 
At least two excellent text books* on bud-grafting have been published and 
a short account of the methods in use in the Dutch East Indies has appeared 
in The Tropical A frriculturist,]■ 1'he Department of Agriculture has a small 
number of trained budding ('oolies w-ho may be sent to estates for short 
periods to demonstrate the actual operations. 

The materials necessary for budding are budding knives, waxed 
bandages, labels and one or two old rags. I'hese arc conveniently carried 
by each budding cooly in a small tray or box. The bandages are made of 
longdoth in the following way: “entwas^’ is melted in a cylinder about 
23 in. high and 4-6 in. diameter by standing the cylinder in boiling water. 
The roll of longdoth is torn into strips 20 in. long and of the width of the 

Practical Bud^grafting and Seed Selection of Hevea Brasiliensu by H. Gouch • Kc^tlv 
& Walsh, Singapore. 

The of Hevea in Modern Plantation Practice t)y F. Summers, Rubber Research 

Ifistituti* of Malaya. 

+ October, 1929. 
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roll. 'Hiese strips are then loosely rolled into cylinders 20 in. lon^ and 
dipped for about half an hour in the melted entwas. After removal from 
the wax and when the wax has set bandages about If in. wide are torn from 
the waxed cloth. One or two bandages are necessary per tree. 

Budding may take place either in the field or in the nursery. Budding 
in the nursery is recommended as supervision can be more thorough and 
only good stot ks need to be used. Even if four seeds or stumps per hole 
are planted in the field it may happen that none of the resulting plants in 
some holes is really vigorous. Budding should be done on vigorous stocks 
and in order to ensure such stocks being available the nurset'y should 
(a)ntain four times as many plants as are actually needed. The best plants 
are then chosen for budding. Stocks should be not less than 1 in. diameter 
at 2-4 in. from the ground. 

It has l)e(‘n found at l^eradeniya that entwas bandages unless <arefLilly 
applied may become loose during heavy rain. A precaution is to tie the 
leaves us(‘d as sltade for tlie hud in such a* way that the bandage is also kept 

ADVICE TO PLANTERS 

'!'hc Director of Agricultun; will be glad to give advice and render any 
assistance in bis power to planters desirous of t)pcning new areas or replant¬ 
ing old areas with budgrafted rubber. .Members of the Rubber Research 
Scheme ean receive advice ;md assistance Irom the Scheme. 
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DEPARTMENTAL NOTES 


PROGRESS REPORT OF THE EXPERIMENT 
STATION. PERADENIYA 


. FOR THE MONTHS OF MARCH AND 
APRIL. 1930 

TEA 

M anures were applied to the plots under Indigofera as per 
programme in April. 

Plots 168, 164, and 166, which were not pruned last 
October when due were pruned in April, The style of pruning 
adopted is much lighter than the pruning done in the Indigo^ 
fera plots. Increased incidence of shot-hole borer has been noticed in these 
plots which are 6 months overdue to prune. 

In plots 141 to 145, holes for supplies dug about 3 months ago were 
filled in. A small quantity of Indigofera was buried in the bottom of each 
hole. All the holes had become completely covered with Indigofera and 
the work of first clearing away the cover crop in order to lay bare soil for 
filling considerably increased the cost of the work. The increased cost, 
however, is compensated for by the superiority of the material for filling. 

Albizzias in plot 150 were thinned out and the remaining trees lopped. 


RUBBER 

Tajfping of the New Avenue Rubber manurial experiment started on 
April 1st. The manures were applied to the plots in January and during 
March two inspections were made with a view to noting the effect of the 
manuring on wintering. On both occasions it was observed that the 
manured plots retained their old leaves longer than the control plots but that 
the colour of the new foliage was darker and healthier than that of the control 
plots. The tendency of manured rubber to winter later has been recorded 
by Dutch workers. 

In plots 151-154 (approximately 4 acres) it is intended to carry out a 
second rejuvenation experiment. As the plots contain a number of trees 
that have never been tapped, however, it is necessary to obtain first a year’s 
representative yield, and tapping for this purpose was started on April 2nd. 

Measurements of untapped and renewed bark were taken in the change 
over experiment in the no-change-over plots and the change-over-yearly 
plots. Measurement of the change-over-six-monthly plots is not due till 
October and comment will therefore be reserved till that measurement has 
been taken. 

CACAO 

On account of pressure of work pruning has this year been limited to 
the removal of suckers and dead wood. This operation was completed in 
April. A round of bark canker treatment was also completed, 

A large number of shade trees (Erythrind umbrosa) have been blown 
down this year causing great damage to cacao by their fall as well as by 
the sudden removal of shade. These trees form very shallow root systems 
and the number of trees blown down in the last few years has 
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enormous. This poor root system constitutes a great drawback to the use of 
this tree in cacao. 


CATTLE 

Five young Kangayam animals were transferred to the Northern 
Division, four to Paranthan and one to Jaffna. 

THE IRIYAGAMA DIVISION 

In area 6 (foreign clones) 24 vacancies were •supplied. Dry weather 
followed and the plants had to be watered. 

The bush green manure plants in this area were lopped. 

It was noticed that a number of young budded plants showed a ten¬ 
dency to branch at an early age. Such branches were removed and a count 
was made of the plants treated in order to ascertain if this was a character¬ 
istic of any particular clones. It was found that by far the greatest number 
of cases had occurred in Tjirandji 1 and Tjirandji 8. A complaint has also 
been received from an estate of early .branching of Tjirandji 1. 

Copies of the plan made by the Survey Department showing the posi¬ 
tion of every hole were received in March. Three areas of 10 clones each 
have been laid out on the plan for budding, or planting with budded stumps, 
this year. The plants which will form the border rows ro\md these areas 
have been marked with a white band and all vacancies in border rows have 
been re-holed for supplying in the south-west monsoon. 

Of the new areas, areas 1 and 3 have been laid out to include the largest 
number of well grown plants fit for budding in the field this year. Area 2 
will be used for the trial in-which half the buds in each clone are put on to 
stocks grown from seed of the same tree and half on to mixed seedlings. 
For this purpose it is necessary that all budding should be done in the 
nursery and therefore the land containing the fewest good plants has been 
chosen for this area. All existing plants will have to be uprooted. It is 
intended to take all the best plants from this area to fill vacancies in border 
rows of seedlings this south-west monsoon. 

These three areas with their border rows will only occupy something 
like half the terraced and planted land. In the remainder of the clearing 
the plants will have to be pulled up and thrown away this year. The reason 
for this regrettable waste is the reduction of size of clones from 120 to 60 
trees by the last committee concerned with the plans of this Division with the 
result that there are at present not enough mother trees to utilise the land 
opened. There is no obvious alternative however, the plants are mostly 
two years old, they are too big to sell and they will be too big to bud 
next year. 

Good progress has been made with fencing and with the extraction of 
stumps. 

The terracing of area 7, a new area for the reception of the remainder 
of the foreign clones selected for the testing which are not as yet planted 
out was completed in April, Gliricidia cuttings, have been planted opposite 
each hole and the banks of the terraces have been sown with a mixture of 
Calapogonium mucunoides and Centrosema pubescens, 

T. H. HOLLAND, 
Manager, 

Experiment Station, 
Peradeniya. 



INTERNATIONAL CONGRESS OF TROPICAL 
AGRICULTURE, ANTWERP, 1930 

A n International Congress of Tropical Agriculture is to be held at 
Antwerp from Iu]\ 28-31, 1930 at the Palais des Congris. It 
has been organised by the Association Scientifique Internationale 
d’Agriculture des Pays Chauds. Previous Congresses organised 
by this Society were Paris 1908, Bruxelles 1911, London 1914, 
Seville 191^9* Another is to be held in Paris in 1981. 

Manuscripts of papers to be presented at the Congress should be 
addressed to the General Secretary, M. C. Huffmann, Rue, Royalc 230, 
Bruxelles, before June 1st. Manuscripts should be accompanied by a 
lesum^ not exceeding a page of manuscript. This resumt'? will be translated 
into French, Dutch and English and sent to the members of the Congress 
before July 1st. Papers may be written in French, Dutch, English, 
German, Italian, Spanish and Portuguese. 

Discussions on the papers can take place in the same languages. 
Translators will assist at the sittings. 


DUST-SPRAYING MACHINES 

T he Mycologist to the Rubber Research Scheme who has carried 
out sulphur dusting experiments on Kandanuwara Estate against 
Oidium leaf disease is hoping to try at an early date an English 
dusting machine. The results of these trials will be interesting 
and it is suggested that estates which contemplate undertaking 
sulphur duSting should await the completion of them before deciding what 
type of a machine to buy. 



REVIEWS 


COFFEE GROWING IN EAST AFRICA* 

A hearty welcome should be extended to Mr. J, H. McDonald’s 
book on coffee growing in East Africa. It contains the kind 
of information the practical man requires and the scope of the 
work is comprehensive of all aspects of coffee growing. The 
author does not put forward his opinions in a dogmatic manner 
bir. ;Ht<‘mots rather to ini'ulated a spirit of en '' ir j • d cKp/rimenl. He 
gives credit for the work done by East African Departments of Agriculture 
and he diretts attention to the bearing of their work and results on the 
problems of the coffee planter. Mr. McDonald’s point of view is sound 
because it is scientific, and he is to be congratulated on the result of his 
self-imposed task of collecting and collating the scattered information he 
set out to make available. The publishers of East Africa are also to be 
congratulated on the printing and get-up of a book issued under their aegis. 
The present reviewer does not wish to suggest that Mr. McDonald’s book 
is not worth the price asked for it, but he will not be alone in saying that 
he would welcome a smaller charge. 

A large proportion of the book is devoted to the diseases and pests of 
coffee. The chapter on Hemileia vasfatrix, the fungus of coffee leaf 
disease, is comprehensive and interesting, but it may be doubted if the 
('onclusions of the writer (Mr, Alleyne Leechman) will meet with universal 
acceptance. 

It is inferred that the collapse of coffee in Ceylon which followed the 
spread of leaf-disease in the ‘seventies and ‘eighties was reallv due to bad 
agricultural methods, the presence of an indigenous coffee {Coffeu tra^^in- 
corensis) and to want of immunity towards leaf-disease in Ceylon coffee. 
The first two of these points have been criticised by Mr. Frederick Lewis in 
The Times of Ceylon of March 25, 1930. With regard to the third. East 
African coffee is supposed to have acquired immunity to Hemileia, and much 
comfort for East .African coffee planters is derived from the supposition. 
It is perhaps possible and probable that coffee in East Africa has acquired 
or is acquiring immunity to Hemileia, but has the possibility been proved 
beyond doubt ? Has it been shown with regard to coffee and Hemileia 
that the host plant may acquire or lose the power of resistance to the 
parasite ? Is the supposed acquired immunity to leaf-disease transmissible 
from parent plant to offspring through the seed ? In a question of 
immunity or susceptibility to disease is the parallel between the coffee tree 
and the human being a valid one ? Clean cultivation is recommended as 
a measure to be adopted in the fight against leaf-disease and, as far as 
noxious weeds are concerned, no fault can be found with the recommenda¬ 
tion, but it is hoped that clean cultivation means more than a scraping of 
the surface of the soil with a iembe or mamrnotv. The attention of the 
East African coffee planter may be directed to the value of selective weeding, 
that is, the use of weeds which are not harmful to the major crop and are 
at the same time useful and valuable as preventives of erosion when growing 
and as improvers of conditions of moisture and fertility when incorporated 
with the soil. 

* Coffee Growing I with speciul reforence to East Africa. By J. H. McDonald. 
(London: published hy East Africa, Price ais. 
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Mr. McDonald ri^tly stresses the benefits of and the necessity for 
green manuring, but students of the recent developments of tropica] egrU 
culture in the east will be struck by the lack of mention in his book of 
contour planting, contour platforms, terraces and hedges of green manure 
plants, and systems of drainage and silt-pitting. The important subject of 
soil erosion does not seem to loom large on the horizon of the East African 
coffee planter and it is to be hoped that he will not have a rude awakening 
when it is too late to remedy matters and to replace his lost top soil It 
is true that he has a. smaller rainfall than the tea or rubber planter of 
Ceylon and that he plants his coffee on slopes which are on the whole more 
gentle than those of the estates of this island, but now is the time to draw 
attention to the necessity for preventing the downward movement and loss 
of top soil, especially the fine clay fraction, and for ensuring the maximum 
absorption of rain water by the soil and the controlled removal of surplus 
water. Experiment with ground cover plants which will prevent the beating 
action of rain and the run-off of surface water, systematic digging in of 
green^ material which will increase the humus content and the absorptive 
capacity of the soil, drains and silt-pits which will increase absorption, 
control the movement of surplus water and trap eroded soil so that it can 
be returned to the land may be recommended, and emphasis may be laid on 
the close connection between measures of soil conservation and the main¬ 
tenance of soil fertility. It is not too much to expect that experiment on 
the lines mentioned will lead directly to a smaller incidence of the pests and 
diseases of coffee in East Africa and to a reduction in the space given to 
them in future editions of Mr. McDonald^s book. It may be added that 
there is room for intensive investigation on modern lines of the problems 
of coffee cultivation in East Africa and it is hoped that arrangements will 
be made to establish the research institute which has been suggested and 
discussed by the planters. 

Mr. McDonald’s book is of value to Ceylon agriculturists who are 
interested ih the revival of coffee growing. It is concerned primarily with 
arahica coffee rather than robusta butrit contains information concerning 
both kinds and it makes clear the conditions required for each with special 
reference to the important question of elevation.—W.S. 
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LATEX TUBE BORE 

I N the Tropical Agrwulturist for March 1929 was reproduced the report 
of a lecture by Mr. H. Ashplant, the rubber specialist, United 
Planters’ Association of South India, delivered to members of the 
Rubber Growers’ Association in London. In this lecture it was 
claimed that the bore or diameter of latex tubes in Hevca was 
markedly correlated with the yield and that it was a relatively simple matter 
to determine with approximately 80% efficiency, which plants in a nursery 
6 months old would develop into hig'h-vielding trees. Certain figfires were 
given in support of this statement but beyond an indication that the measure¬ 
ments of latex tube bore were obtained from thin sections of the petioles or 
leafstalks no details of technique were given. In an editorial note accom¬ 
panying the article the writer drew attention to the possibilities of such a 
method of selection but pointed out that insufficient details had been given 

and staled that “it is to be assumed tlial Mr. Ashplant has evidence for his 

statements, but until full data are published and contributory experiments 
cairied out elsewhere, conlirmalion of his theory must b(‘ withheld.” 

Dr. A. Frey-Wyssling of the General Fxperiment Station of the 
A.V.R.O.S in Sumatra has published in a full paper* the results of his 
in\estigations into the relation between the diameter of the latex tubes and 
the rubber production of llevea. He shows that, from theoretical con¬ 
siderations, the diameter of the latex tubes should affect markedly the yield. 
A full description of the technique used in obtaining the measurements of 
latex tube bore is given and this is followed by a lucid description of the 
anatomy of the. Hevca petiole or leafstalk. He states tliJit the latex tube 
bore in one tree is constant and that the average of the two lots of 100 
measurements agreed within the limits of standard deviation. vSo far so 
good. In an (*xaminalion of the petioles from trees of selected clones in 
which the variations in yield were not very great it was seen •that the 

differences in latex tube bore were not sufficiently great to classify the 

clones according to the diameter of the latex tubes. It was therefore 
resolvenl that measurements of the tube bore of seedling trees should be 
taken in order to determine if differentiation could be made. A difficulty 
had to be faced : “Investigation of tappable seedlings cannot decide the 
most important problem, to wit, whether Ashplant’s method of selection 
is applicable to nurseries. On the other hand comparative measurements 
can be carried out in leafstalks and bark, and the <‘orrelatioji belw’een 
yield and numher of rings of latex tubes can be contrasted with that between 
yield and diameter of latex inhes/' Seedling trees 8 to 9 years old were 
used and averages of 100 measurements of the tubes in leafstalk and bark 
obtained. With one or two exceptions the ratio between the tube bore in 
leafstalk and bark was very constant and the average of 29 relative figures 
(leafstalk: cortex) was found to be 0*686^*0010 wffiich may be assumed 
to be the factor for an approximate calculation of the diameter of the latex 
tubes o£ the leafstalk from the diameter of those of the cortex. 

It has been shown by a number of workers that the correlation between 
the yteld and the number of latex rings in the hark is not great. In other 
words the number of latex rings in the bark is not a satisfactory criterion 
oti which to judge the yielding capacity of a tree. Ashplant in his lecture, 
stated that a better correlation is obtained when the number of productive 
rings of latex vessels is correlated with the yield. The number of productive 

, * 0r* A, Fr«y*WyssUng. Investigation into the relation between the diameter of 

the latex tubes and the rubber production of Hevea Brasiliensis in Archief voor de Rubber 
caltwur Voi; 14, No.3, p>l35, March 1980, (English Translation). 



rings is obtained by deducting from the total those rings in the area of 
bark up to 1*6 mm from the cambium, which rings are left untouched in 
the process of tapping, and also those unproductive rings which ,are sepa¬ 
rated from the soft inner bark by the stone cells which are commonly found 
in the outer bark. It would appear likely also that the girth of the tree 
affects yield and for that reason the yield per unit length (1 cm) of produc¬ 
tive latex row might be expected to give a closer correlation. 

In the investigation under discussion the following correlations were 
obtained ; 


• 

Correlation between 

Yield 1928 

Yield 1928 of 
one productive 
rinR 

Yield 1928 of 

1 cm. product¬ 
ive ring 

Diameter of the latex 
tubes of the leafstalk 

0.54 ± 0.11 

0.50 ±0.14 

0.44 ±0.15 

Diameter of the latex 
tubes of the bark 

0.49 ±0.14 

0.41 ±015 

0.36 ±0.16 

i 

1 

! 

Number of productive 
v'wfis of latex tubes 

0.75 ±0.8 

-.... 

— 


Twenty-nine trees only were used in the investigation from which these 
figures were obtained. The only correlation coefficient which is significant 
is that of the correlation between the number of productive rings of latex 
tubes and yield (0*75 i 0*08). This coefficient is higher than has been 
obtained l)y other workers who have correlated the total number of latex 
rows with yield and will lead to a more" accurate selection of high-yielding 
trees from the examination of latex rows. The absence of correlation 
between latex tube bore and yield is contrary to the results obtained by 
Mr. Ashplant. 

Dr. Frey-Wyssling has investgated the results still further and has 
shown that none of the trees with narrow latex tubes are good yielders. 
That is a distinct point which may affect future selection. On the other 
hand he has shown that trees with wide latex tubes are not necessarily 
good yielders* As a result of further investigations he indicates that the 
structure of the latex tube system and the physiological tendency and 
condition of certain trees may be responsible for this discrepancy. The 
conclusion which he draws from his observation is that large diameter 
of the latex tubes is an essential condition for, but unfortunately no proof 
of a high-yielding tree.’* In his conclusions for practice he points put that 
this method of selection would be impracticable for estate practice and that 
there is no proof that young seedlings possess the tube bore characferistics 
which they possess at a tappable age. The concluding paragraph of the 
paper aptly sums up the position and may be quoted. ‘^Unselected planta¬ 
tion seeds would give populations from which the worst yielders could be 
eliminated according to the diameter test, but at present it is rightly con¬ 
sidered antiquated to use such seed as planting material, except for use as 
budding stocks. In the present State of Hevea selection hardly any benefit' 
can be derived from Ashplant’s discovery.*’—M,P., 








319 


ANIMAL OISBA8B ftBTBRN FOR THB MONTH 
ENDED 30th APRIL, 1930 




No. of 






Province* 8 lc , 

Disease 

Cfttesup 
to Date 
since 
Ian. 1st 

Fresh 

Cases 

Reco¬ 

veries 

1 

« 

& 

Bal¬ 

ance 

Hi 

No. 

Shot 



1930 







Kinderpesi 

418 

141 

48 

303 

13 

54 


Foot-jind-mnuth disease 

221 

68 

. 207 

10 

4 


'Western 

Anthrax 

Piroplasmosis 

... 


■ 

m 

m 

... 


Hahies. (Dogs) 

... 


H 





kinoerpest 


... 






Foot-and-mouth disease 

430 

14 

415 

12 

2 

1 

^^Colombo 

MiiniclpRlity 

Anthrax 

Haemorrhagic 

septicaemia 

1 

3 

... 

• «« 

1 

3 



Black Quarter 

2 

... 

... 

2 




Kabies (Dogs) 

7 





7 


Bovine Tuberculosis 

1 

1 

... 

1 



Cattle Quarantine 

Rinderpest 







Station 

Foot-and-mouth disease 

... 







Anthrax (Goats) 

195* 

27 

• »t 

195 




Rinderpest 



• a* 

• « • 

... 

• •• 


Foot-and-mouth disease 

542 

45 

487 

4r 

53 


Central 

Anthrax 

1 

1 


1 

... 



Piroplasmos 

4 

4 

1 

3 




Rabies (Dogs) 

1 




... 

1 

'Southern 

Rinderpest 

87 

87 

9 

72 

6 


Foot-and-mouth disease 
Anthrax 

259 

... 

239 

6 

14 




Rinderpest 

2670 1 

... 



... 

... 

l^orthern 

Foot-aPd>mouth disease 
Anthrax 

891 

2409 

70 

see 

191 

e 

... 


Bla(;k Quarter 

49 I 

49 


49 

... 

... 

''-Eastern I 

Rinderpest 

. r 

! 






Foot-and-mouth disease 
Anthrax 

88 1 
... i 

i 

... 

86 

2 { 

! 

... 




Rinderpest 

3210 

443 , 

84 

240o j 

2 

718" 


Foot-and-mouth disease 

4 

1 

A 

... 1 

... 


North-Western 

Anthrax 

Plfturo-Pneumonia 

... j 

1 

... j 


i 

i 

... 

... 


tin Goats) t 


1 


50 

i 

!' 


North-Central 

Rinderpest 

Foot-and-mouth disease 

1 

10^ j 


1045 

24 j 




Anthrax 

f 

{ 



**. 1 

... 


tJva 

Rinderpest 

Foot-and-mouth disease 
Anthrax 

72 

... 

7*2 

... 1 

f 

... j 

... 




Rinderpest 

57 

14 


" 5 r~ ’ 


— 


Foot-and-mouth disease 

1079 

46 1 

1069 

7 

'i 

... 

Sabaragamiiwa 

Anthrax 

Haemorrhagic 


... 


••• 

... 



septicaemia 

8 

... 

... 

8 

... 

... 


Rabies (Dogs) 

7 

7 

... 


... j 

7 


* I case in ji ttutifale 

f An outbreak which occurred in March; 
a. V. a. Office, 

Coiesntw, Itith May, 1930. G. W. 8TURQESS, 

Government Veterinary Snreeon. 




















im^E€^(^OGi€J%t .ESrOitT 

,.;.'*«ifL, i»a«''':'' 


Station 

Temporatare 

Hnmidity 

Amount of 
Clmtct 

1 HainfaU 

g ^ 

I'i '■ 

. '58 , 

Dif* 

fercnce 

from 

Average 

§1 

S' 

Dif. 

ference 

from 

Average 

>> 

It 

i: 9 

I : 

! B. 

< 

1 

#0 -OM 

V 

£ll 

Its**: ► 

a 

i 

« 

o* 

6 

o 

^/c 1 

i 

% 


‘ Ingtict 


1 r(cht« 

Colombo ‘ ■ 

888 

+ 0'7 

756 

+ 0T 

72 

91 

7‘2 

13-52 

17 

1 

! + 

486 

Puttalam 

895 

+04 

76-0 

+ 0'8 

73 

91 

5 6 

8-4p 

10 

l-f* 

2*95 

Mannar 

914 

—0*7 

777 

0 

74 

89 

5*6 

3 46 

8 

1 + 

0*56 

Jaffna 

89‘4 

+ 02 

79‘6 

—08 

75 

87 

5*0 

1-92 

7 


012 

Trincomalee - 

880 

—12 

[77*4 

+ 0T 1 

76 

89 

4*3 

2 98 

7 


0-88 

Batticaioa 

87T 

—r3 

1767 

+ 0'8l 

76 

93 

5'2 

2-35 

10 

+ 

043 

Hambantota - 

871 

—0-2 

75'3 

+ 0 6 

78 

93 

50 

3*04 

12 


079 

Galle 

87‘0 

+ 07 

76‘4 

+04 

1 70 

91 

64 

996 

19 


029 

Ratnapura - 

91 9 

+ 21 

73‘9 

—0*2 

79 

93 

56 

12-25 

19 

— 

0-08 

A’pura 

9r3 

-17 

74 8 

+ 06 

64 

9.S 

62 

o68 

14 

— 

008 

Kurunegala - 

92'4 

+ 0 4 

74‘5 

+ 0‘3 

66 

93 

67 

6 87 

12 

— 
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Kandy 

88-5 

+ 1*5 

70'5 

+ 0*7 

67 

92 

67 

5-10 

13 

1 — 

174 

Badulla 

83-y 

-0 1 

66‘4 

+ 0*9 

72 

97 

S'S 

4-23 

19 

— 

372 

Diyatalawa • 

77'4 

0 

579 

—T2 

75 

94 

67 

5-88 

19 


Oil 

Hakgaia 

73'8 

-1-4 

54-4 

+ 0 5 

77 

94 

52 

8-54 

22 

-f* 

r3i 

N’Eliya 

7r4 

+ 0*3 

48’3 

+ 0*2 

! 

74 

96 

6’5 

3 62 

19 

“ 

2*04 


'J'he rainfall of April was slightly below average at more than hall the 
Stations in Ceylon. In most of the cases in whit^h the average was passed, 
this result y'as achieved with the help of some heavy rain in the last few 
days of the month. Stations with more than a couple of inches above 
average were chiefly along the west coast of ^hc N.W.P., in the W.P., S.P., 
and SabaragamuM'a (though in each of these provinces deficits were in the 
majority) and in a group in central Uva. Deficits, though numerous, were 
for the most part small, not exceeding 5 inches. 1’he highest total for 
the month was at Hinidunta (28'30”j while falls of over 5 inches in a day 
were recorded at Baddegama (6'16” on the 28fh) and at Geekianakanda, 
Illupalama, Hinkluma and Bandaragama. 

Thunderstorm activity though well marked, was below, rather iHan 
above, its normal amount for April. The duration of bright sunshine was 
above average on the west coast and below it on the east. 

The first occasion this year on which the wind at Colombo remained 
in the south-west quadrant throughout the night Was on the 27lb or about 
ten days earlier than the corresponding even last year. During a vigorous 
squall in Colombo on the evening of the 28th, a velocity of 66 miles per 
hour from the East was recorded at the Pilot Station. 

The general indications for the total rainfall from May-Sepifember 
inclusive at the stations on the wihdwai^ side of the main hills, point to 
slight ^cess rafher than deficit. 

A. J; BAMFORD. 

' Superintendent,‘Observatorj’„ 
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EDITORIAL 

CURRENT TOPICS: LEGUMINOUS CROPS 
AND THE FLOODS 


R ecent current topics in Ceylon have been leguminous 
crops and the floods. Arising out of a memorandum 
published by the Imperial Institute upon the subject 
bur newspapers have been lull of the possibility of the 
establishtnent of a sunn hemp industry in the Island. Croialaria 
juncea, the plant from whose stem by a process, of retting the- 
sunn hemp is derived, already grows to some extent in the Jaffna 
Peninsula and its development and possibilities are being closely 
watched by the Department. The value of this crop in agricul¬ 
ture apart from its econornic product is great, for it belongs to the 
pea and bean family of legumes and like all such plants develops 
upon its roots the small pill-like nodules w'hich contain bacteria 
capable of fixing the free nitrogen i'n the air in the soil and thus 
enriching the land by an added amount of cheaply obtained ferti¬ 
liser. It has, therefore, an importance as a soil renovator when 
its roots and leaves are left behind in a system of crop rotation. 
Its value would seem especially to be in our lowland plateau 
distri'cts. Although Crotahria juncea will gfrow at altitudes of 
some 2,500 feet, it is not so suited to hillside slopes as other 
species of Crotahria which are more to be recommended as a 
green manure crop for upland tea. 
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With a gust like that of the storm an American periodiwl 
presented us with the wisdom of surrounding ourselves with 
fields of leguminous crops as a method of eradicating malaria. 
There is supposed to be an element in such crops obnoxious to 
mosquitoes. The suggestion is not a new one but perhaps not yet 
beyond the stage of theory. Some have written the Department 
enquiring about various plants for this purpose that the article 
mentioned. Alfalfa is the name under which lucerne {Medicago 
saliva) is known and largely grown in North America. It has 
been tried in Ceylon but not apparently with much success. 
Where it can be grown it is a most valuable fodder and rotafi'on 
crop. The possibilities of Bersem or Egyptian Clover {Trifolium 
alexandrinum) sown without cultivation after the first rice crop 
on land sufficiently moist are worth investigating here by those 
of an experimental turn of mind who have a care fbr their cattle. 

The storms swelled our rivers to an alarming extent. Their 
muddy water forcibly reminded us of the wisdom of growing 
leguminous cover crops and of taking all other means to prevent 
the best of the upland soil from disappearing into the sea. In 
connection with this we read with interest the words of 
Mr. Lushington at the Third Briti.sh Empire Forestry Confer¬ 
ence, the report of which is j'Ust to hand: “There is not a river in 
Ceylon during the rains-which contains clear watei' artd’th^ rivers 
and .stfe^ms are mostly highways for conveying thousands of tons 
of the finest soil to the sea; This is not "eiitiVely due to shifting 
cultivation, but largely to the rather pernicious system of weeding 
rubber and tea estates on the hillsides. The plarttefs haVe 
recognised this and are now taking steps to prevent soil erosion 
on the estate’s.” '• ■ 

The Department hopes soon to publish two publications 
bearirtg upon the above topics. One is a manual upOfl the tise of 
leguminous crops for green manure and cover, andi the tether the 
Report" of the .Soil Erosion Committee. ‘ ' * ’ ' ' ' 



DRAINAGE AND LEACHING TRIALS AT 
PERADENIYA, 19^7 TO 1930 


A. W. R. JOACHIM, B.SC., A.I.C.. 

AGRICULTURAL CHfEMIST, 
DEPARTMENT OF AGRICULTURE. CEYLON 


I N previous numbers of The Tropical Agriculturist (1 and 2) 
an account has been given of the drainage and leaching 
trials started at l^eradeniya in 1927, and the 1927 and 
1928 results have been discussed. Ihe trials were con¬ 
tinued in a slightly modified form during 1929. The modification 
was considered necessary owing to the comparatively large varia¬ 
tion observed in the amounts of drainage from the different pots. 
As nitrogen is. of all the soil fertilising constituents, the one of 
the greatest importance, it was decided to restrict the scope of 
the experiment to determining primarily the losses of nitrogen 
from the .soil through leaching. Of the nine pairs of pots, two 
were treated with each of the three commonly-used nitrogenous 
fertilisers—nitrate of soda, sulphate of ammonia and cyanamide, 
and the remaining three were left as controls. The 1929 results 
can therefore be considered more representative than those of 
1927 or 1928. For purposes of comparison the latter are also 
shown in the tables. The fertilisers were applied on the 10th 
of January in the .same manner as previously. The methods of 
sampling and analyses of the drainage waters were also the same. 
It may be here stated that nitrate nitrogen Was determined by the 
p'henol disulphonic acid method as modified by Frederick (3), 
lime, potash and magnesia by the iKsual analytical methods, 
ammonia by nesslerisation and phosphoric acid by the Deniges 
“coerulcomolybdic” methods (4). 

THE AMOUNTS OF DRAINAGE AND EVAPORATION 

In Tables I, II and III below will be found the amounts of 
drainage during each month of 1929 from both cropped and 
uncropped pots, the average drainage figures for 1927 and 1928, 
and the evaporation and absorption and transpiration data for 
all three years. 
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Table I 


Treatment 
in 1929 

n . Rainfall 

Previous 

I reatnicni ^^29 

Drainage (inches) 
1929 

Uncropped Cropped 

Sulphate of ammonia 

Blood meal 


48-56 

42-99 

► fisulphate of 




♦» ff 

ammonia 


43-81 

48-89 



Average 

46-18 

45-94 

Nitrate of soda n 

, Nitrate of 




1 

' soda 


47-12 

31-86 

• 1 

Nitrate of 




*1 ♦» / 

potash 


52-18 

37 27 


78-74 

Average 

49-65 

34-31 

Cyanamide 

Sulphate of 
pol ash 


45-41 

47-64 


Cyanamide 


45-26 

40-99 



Average 

45-38 

44-31 

Control 

Superphosphate 


51-00 

47-21 

” 

^ Muriate of 

potash 


54-36 

47-33 

>* ^ 

Control 


49-68 

37-51 



Average 

51-68 

44-01 

Total Average 

78-74 


48-60 

42-85 



1928 


1927 



(inches) 


(inche.s) 

Rainfall 


89-02 


76-60 

Average drainage (Uncropped) 

52-43 


49-96 

Average drainage (Cropped) 

30-16 


32-50 

« 

Table II 






1927 

1928 

1929 



per cent. 

per cent. per cent. 

Average drainage 

( U ncropped 

) Cropped 

65-1 

38-6 

58-9 

33-9 

61-7 

53-8 

Average evaporation^absorption Uncropped 

Average evaporation + absorption 

34-9 

41-1 

38-3 

+transpiration Cropped 

61-4 

66-1 

46-2 

Average transpiration 

Cropped 

26-5 

25-0 

7-9 


It will be observed from Table I that in the case of the 
uncropped pots the mean drainage during 1929 is lowest from 
the cyanamide pots and highest from the controls. Individual 
pots, however, show fairly large variations, the deviation from 
the total average being over 20 per cent in one case; but the 
greatest deviation of the mean of any set of similarly-treated 
pots from the total average is less than 7 per cent. Of the 
cropped series, the nitrate of soda pots again show the lowest 
drainage figures and the sulphate of ammonia pots the highest. 
The growth of the crop in the former was superior to that in the 
other pots. The deviations from the general average of the 
percolation figures of both individual pots and the means of set^ 
of pots are greater in the case of the cropped pots, 
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From Table II it will be seen that while the average drainage 
from the uncropped pots in 1929 is much the same as in previous 
years, the drainage from the cropped pots is considerably higher 
than previously. Table 111 will show that this is largely due to 
the high drainage from the latter in November. The rainfall 
conditions in 1929 were very unusual, and the droughts of 
January-March and August-September 1929 affected the crops 
adversely. Their growth was thus less vigorous and their 
vitality considerably lower than in previous years. The" drain¬ 
age during November was considerably higher from the cropped 
pots than trom uncropped pots. I his may be explained by the 
tact that the crop had suffered so badly from the drought and the 
high temperature conditions m the pots, that a large proportion 
of the roots probably died as a result and later got decomposed. 
Large spaces were thereby created which facilitated the percola¬ 
tion of the rainfall from these pots. I he percentage of evapora¬ 
tion and absorption in l929 is about the average of the 192/ and 

1928 figures. The percentage loss of moisture by transpiration 
from the cropped pots in 1929, assuming that the losses of 
moisture from the pots through direct evaporation are the same 
in the cropped and uncropped pots, works out at about 8 per cent, 
of the rainfall. This figure is much lower than what it should be; 
but it was observed that the amount of leaf borne by the crop in 

1929 was, as a result of the adverse rainfall conditions, cqpsider- 
ably less than that in previous years, hence the low transpiration 
and the high drainage figures from the cropped pots. As was 
pointed out when the 1928 results were discussed (2), the high 
drainage figures obtained are due to the slow drainage of water 
collected in the pots above the soil which would normally have 
overflown during periods of heavy rainfall. From 1930 this 
defect will be overcome by the fixing of outlet pipes to the pots 
slightly above the surface of the soil. It should thus be possible 
to obtain in the future more accurate data on percolation from 
soils under the climatic conditions pertaining at Peradeniya 
especially as the soil in the pots has now settled down to much 
more like normal field conditions. 

THE RELATION OF DRAINAGE TO RAINFALL 

In Table III below are shown the rainfall figures for each 
month of the year and the corresponding average percolations 
from the cropped and uncropped pots respectively. A statistical 
examination of these figures will show that, as previously, there 
is a positive correlation between the rainfall and drainage from 
the uncropped pots, but this correlation is lower than previously 
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prob«ibly to the uneven rainfall conditions. The correla- 

tipn, is much less definite in the case of cropped pots but there 
is again a close parallelism between the drainage and rainfall 
figures. As in previous years, i't will be observed that when the 
rain^fall; is heavy and continuous the drainage from the cropped 
pots approximates and in certain instances is even greater, than 
that.from the uncropped pots. 

Table 111 


Nitrate 


Month 

Rainfall 

(inches) 

im 

Drainage 

I'ncropped 

(inches) 

Cropped 

nitrogen 
(lb. per acre) 
Uncropped 

Lime (lb. per acre) 
Uncropped Cropped 

January 

0-62 

nil 

nil 

nil 

nil 

nil 

February 

0-67 

nil 

nil 

nil 

nil 

nil 

March 

5-86 

1-07 

nil 

9-5 

IM 

nil 

April 

1582 

11-^1 

914 

86 6 

105-0 

15-8 

Maiy 

3*88 

1-80 

038 

208 

18-9 

08 

June 

9-54 

8 39 

588 

63-8 

71-6 

7-0 

July 

7-29 

5-21 

5-77 

291 

38-9 

7-8 

August 

0-58 

nil 

nil 

nil 

nil 

nil 

September 

718 

3*69 

8-12 

19-9 

81-2 

3 7 

Octol>er 

411 

1*57 

nil 

136 

15-9 

nil 

November 

19- 

18-94 

18 11 

75-7 

114 9 

193 

December 

4-26 

1 42 

nil 

8-7 

12-5 

nil 


THE COMPOSITION OF THE DRAINAGE WATERS 

During 1929 analyses of the drainage waters were made for 
total solids, nitrate nitrogen, and li’me. The summarised results 
are shown in Table IV below, and Table III shows the average 
amounts of .fertilising constituents lost in the drainage waters 
from the pots each month. 

Table, IV 

p.p.m. = average parts per million; U = uncropped; C = cropped. 

Total. Solids 


Treatment 


Lb. per acre 

1929 1928 1927 

p.p.m. 
1929 1928 

1927 

Control 

(U) 

2776 . 8139 

8906. 

247 26L 

82S 

.. 

(C) 

462 458 

1864 

54-4 71 

280 

»» 

(U) 

2824 


227 


>> 

(C) 

612 


67-2 


>♦ 

(U) 

8012 


245 



<C) 

581 


64*2 


.Average Contr^)! 

(U) 

2800. 


240 



(C) 

SS2 


553 





\ii, 

NUrate Nitroten 


i'r^atment 


Lb. per acre 

1929 1928 1927 


Nitrate of lioda 


Average Nitrate of Soda 


(U) 222-4 521 

(d) 

(U) 346-8 

(C) 5-4. 


Sulphate of ammonia 


Average Sulphate of ammonia 


('yanamide 


Average ("yanamide 


Average ("ontrol 


(U) 314-8 479 

(C) 'M. 

(U) S4S« 

(C) 8-8 

(U) 8814' 

.. 

(U) 322-7 ' 490 

(C) 0-9 

(U) 306-2 

(C) 0-S ~ ~ 

(U) 314-8 

(C) 0;? 

(U) 380-8' 520 

(C) 4-1 

(U) 299-8 

(C) 14 

(U) 328-1 ■ 

(CT’ fo ~ 

(U) 884-1 

(C) .2-2* • 


48 2 47-0 


288 
0-2 ' 


(iencral Average 


(U) 829-3 502 

(O - -12' 


Lime 


Treatment 


' Lb. per acre p.p.m. 

1929 1928 1927 1929 1928 1927' 


Sulphate of ammonia 


Average Sulphate of ammonia 


Average Control 


(U) 387-9 - 474 558 

(C) 63-3 40 204 

(U> 422-3 ‘ 

(C) 53-3*;“'^ _ 

(Ur 405^"^ 

(C) 58-6 _ 

(Uf 440*6 ' 480*^ 588 

(Cp 47-« 42 275 

(Ur 451% 

(C)‘ eoW • 

(U) 898-8 

(cj—... • 

(U)' 4801 

(Vt "- -- 


(veneral average 


»J average 


(U) 420-0 484-2 ' 59tfV 

"{CT* ■■57'«—MT* asf-r " 



It will be seen from the tables that there is a close parallelism 
between the amounts of rainfall and .drainage and the amounts of 
nitrate nitrogen and lime in the latter in the case of uncropped 
pots. The average concentrations (p.p.m.) of nitrate nitrogen 
and lime from the uncropped pots though treated differently do 
not vary much. The maximum percentage difference of the 
mean of a set of pots treated alike from the total mean is not 
more than 6 in the case of the nitrate nitrogen concentrations, and 
5 in tihe case of the lime concentrations of the drainage 
waters from the uncropped pots. The fact, that the variation 
in the concentrations of the drainage waters from the uncropped 
pots differently treated is small i's apparent from the 1927 and 
1928 results as well. This is particularly noted in the case 
of the nitrogen and lime pots. As the concentrations of 
potash in the drainage waters are much smaller, the vari'ations 
between the different pots work out relatively higher if percent¬ 
ages are reckoned. The average concentrations of nitrate 
nitrogen and lime in the drainage waters have however fallen 
appreciably during the years 1927 to 1929. Thus in the case of 
nitrate nitrogen, the average concentration in 1929 is 29*9 p.p.m. 
as against 42*9 in 1928 and 45‘8 in 1927; with lime it is 37‘6 in 
1929, 39’8 in 1928 and 52-5 in 1927. The observations made 
apply in the case of the cropped pots as well, but to a lesser 
degree. The total amounts of fertilising constituents lost in the 
drainage waters are much less in 1929 than in 1928 or 1927, 
especially in the case of uncropped pots, although the total 
drainage’is about the same during each of these years. This is 
especially so in the case of nitrate nitrogen. 

Table y 


Average Ratios (Uncropped/Cropped) 


Treatment 

1929 

1928 

1927 

Total solids 

51 

6-8 

21 

Nitrate nitrogen 

1140 

41-2 

8*4 

Lime 

7-8 

11-2 

2-7 


In Table V above are shown the average ratios between the 
amounts of fertilising. constituents lost from the cropped and 
uncropped pots from 1927 to 1929. In the case of nitrate 
nitrogen, the losses during 1929 from the cropped pots are 
extremely small, these having become progressively lesser each 
year. The uncropped nitrate pots had lost 3-4 times more 
nitrate nitrogen than the cropped pots in 1927, 41*2 times in 
1928 and 114 times in 1929. In the case of litne, the ratios do 
not show anything like the same differences. The 1928 results 






therefore confirm what has been found previously viz., that 
notwithstanding "a lieavy raihfall, the losses of fertilising consti¬ 
tuents particularly of nitrate nitrogen in the drainage waters 
from soil can be greatly reduced by the presence of a good cover ' 
crop. 

In the following paragraphs, the total solid, nitrate nitrogen 
and lime results are examined in greater detail. 

Total Solids .—The 1929 results indicate that the average 
total losses of total solids are less than those of 1928 or*1927 in 
the case of the uncropped pots, but owing to the greater drainage, 
slightly higher than the 1928 losses in the case of the cropped 
pots. The average concentrations of these constituents in the 
drainage waters are however less in 1929 than in 1928 or 1927. 

Nitrate Nitrogen .— (1) Nitrates are found in the drainage 
waters from both uncropped and cropped pots in much lower 
concentrations and quantities in 1929 than in previous years. 
I'he losses from the cropped pots are almost nil. (2) The losses 
from the uncropped pots of nitrogen added in the form of ferti¬ 
lisers are still small when compared with the soil nitrogen losses. 
The ditterences between the average losses from sets of cropped 
pots treated differently are not appreciable and cannot be con¬ 
sidered significant. (3) Of the uncropped pots, the lowest 
average losses during 1929 are from the cyanamide pots and the 
greatest from the nitrate of soda pots. The losses are ^directly 
dependent on the drainage, the drainage being greatest from the 
nitrate of soda pots and lowest from the cyanamide pots. (4) 
I'he deviation from the general mean of the nitrate nitrogen 
concentrations of the drainage waters from individual uncropped 
pots or sets of pots is not greater than 7 per cent. The devia¬ 
tions are greater in the case of the cropped pots. 

Lime .— (1) The amounts of lime found in the drainage 
waters continue to be high, but are lower than those found in 
1928. (2) Owing to the higher drainage from the uncropped 

control pots and the inclusion of the former muriate of potash pot 
which had previously shown highest losses of lime, these show, on 
the average, larger losses of lime through leaching than the 
sulphate of ammonia uncropped pots. (3) The average amount 
of lime lost from the cropped pots is however very slightly greater 
from tihe sulphate of ammonia pot than from the control, but the 
difference cannot be regarded as significant. (4) The lime con¬ 
centrations in the drainage waters from different pots do not 
show a greater variation than 5 per cent. 



Tlie results of drainage and’leachi'ng trials earned, out, 
Pefadeniya' in cylindficai galvanised iron pp^s containing 3 fee^ 
cofufhiiis of’ fill^ sdif, during 19$^ and 1926 and in a slightly 
modified form in 1929 indicate that; 

(1) ' There is, ih general, a' definite positive correlation 
between the rainfall aha drainage from the uncropped pots, if 
the rainfall *s of such a magnitude that drainage does occur. 
This relationship is not so apparent in the case of the cropped 
pots. If the rainfall is low and well distributed no drainage 
occurs. Where the rainfall is heavy and continuous, the drain¬ 
age from ,the cropped pots approximates to that frorn the 
uncropped pots. 

(2) The amounts of fertilising constituents lost iij the 
drafnkj|e’fr6rri the uncfopjp'ed pots are closely connected with the 
atfidUrits of the d'ramagel The amounts of lime arid nitrate are 
prirtitlilai'fy'lafigei but much lower quaritities of the latter are 
fouHB in the leachings in 1929 thari in 1927 or 1928. The 
aiViBunts of lirtie found in the drainage waters are still high 
thbugh lower than those i'n 1927 or 1928. The occurrence of 
large losses of fertilising constituents in the drainage frorii 
uncropped, uncultivated and bare tropical soil under heavy 
rainfall conditions, is thereby indicated. 

(3) The losses of nitrate nitrogen from the cropped pbts 
show a niarked fall during 1927 and 1928 and are practically nil 
in 1929. This would appear to indicate that when perennial 
busihy crops of root depth ranging up to three feet are grown in 
such a way as to cover the ground effectively, as in these experi- 
merifs, the cqmmon Hfhtscas being the crop chosen, only small 
lossB^ of the nitrogen added in soluble fertili.sers occur thrpugh 
le&‘fiing,'even under heavy rainfall conditions. Fair quantities 
of lime continue to be lost, however, from these pots. 

(4) * The concentratibns of hitraife nitrogen and lime in the 
drainage waters frOrn the uricropped pots do not show more than 
a seven per cent, vari'ation in the case of the former and five per 
ce^t.',in the case of the latter, in spite of differential treatments. 
With the cropped pots the variations are larger. 

The 1927 and 1928 results indicate further, that, 
besides riitrfites and liriie, magnesia, chlorine and potash are lost 
frdrri' fhe spiT in the drainage waters' in decreasing order of 
magmfuder 


—The iR^sults >'of and heachifi^ Trials at Peradeniya During 

1927, The Tropical Ajricultuu^^ 

2. JfwicKlni.-^The Results of Drainagf*^ and f-eaettng Trials at Perndeniva During 

1928. The Tropical Agricufluri^f^ LXXtll, 5, isk ^ 

8. Frederick*— Analyst^ XLIV, 1919. 



INFERTILITY IN IMPORTED PLANTS 


F. LEWIS, F.L.S. 

1' has probably been observed that very many of our garden 
' plants, while being abundant flowerers in this country, do 
not produce fruit. 

The reason for this phenomenon is by no means easy 
to find. It is sometimes put down to an unsuitable climate. 
“Climate,” like “abnormal seasons,” always comes in for a lot 
of credit, that perhaps belongs neither to the one nor to the other, 
but affords an excellent excuse when one does not know of a 
better. But really, is “climate” at the bottom of a great deal of 
the alleged causes of things; and what is an abnormal season ? 

We know, or at any rate we say so, whether it is right or 
wrong, that self-preservation is the first law of Nature, and 
preservation of the species is the second. If we get down to 
thinking out what “preservation of the species” really means, 
we shall find it is a pretty large subject. If we think for a 
moment, it must include, in plants, what we understand by polli¬ 
nation, and if we throw our minds back a bit, we must come to 
the conclusion that this particular device must have gone a long 
way back in evolution before it reached the stage we understand 
today. It is only a natural deduction based upon the observa¬ 
tion of undeniable facts that pollination must precede fruit forma¬ 
tion, and fruit is only the envelope of the seed that later must 
form the individual plant or plants, that in turn will go through 
the same cycle of life once more. But we must not forget to 
notice that by the competition between plant and plant, there is 
.some hidden power that asserts itself in the direction of securing 
the success of a particular individual, and what is more, tihe 
successful competitor will transmit to its offspring the same mode 
of success in order that the next generation may have a chance. 
Thus, we shall find by a little ob.servation, that there are number¬ 
less devices by which seeds may be spread naturally away from 
the parent plant. These may be in the form of wings, parachute 
apparatus by which the wind can carry the seed to considerable 
distances; a strong fibrous casing, so that the fruit can be con¬ 
veyed by water; hooks, which will attach themselves to 
ambulatory organisms; attractive colours so that fruits may be 
eaten and theiV enclosed seeds be transported by the bird or 
beast that devoured the fruit, and so on in endless variety. The 
lesson of all this is summed up in that short sentencei—the 
preservation of the species—Nature’s second law. 
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Now when we come to examine these very interesting 
methods for securing this preservation, we naturally expect to 
find it to exist without exception. Obviously if the struggle for 
existencfe'developed thes^ varied appliances for the preservation 
of the species, any exception to that progressive force would 
mean suicide, or something like it. " We also observe that intense 
competition between plant and plant, not necessarily of the same 
species, brings about a state of equilibrium for a time, till sonie 
chance brings about a lessened competition, that is immediately 
counterbalanced by a fresh advance that will fill up that parti¬ 
cular gap, and once more there is a temporary stable equilibrium. 
Suppose a plant, or its seed, is transported by some agency, 
artificial or otherwise, to a new country where it has no such 
competition as it had to meet in its native home, it will, in most 
cases, run riot and become a pest, till in turn it falls a victim to 
some superior force that suppresses it. In this way we find that 
many an introduced species practically “takes charge” for the 
time being, and wipes out its indigenous competitors. In other 
words the new arrival is freed from its competitors that kept it in 
check in its own country, and on being released from that strain 
it is, for a time, in what we might call a free field. We have 
many examples of this success of introduced species, as for 
instance Lantana, “White weed,” Tridax, Mikania, etc., that 
we see all over the country, and which we know to be of 
comparatively recent introduction. Mikania, it may be intere.st- 
ing to observe, was introduced from Tropi'cal America some 50 
years agd. It “took charge” with remarkable rapidity, and is 
now up against an enemy in a Cuscuta that in parts of the country 
is completely crumpling it up. 

But while it is easily comprehensible that a species freed 
from its counterbalancing competitors should become, very pro¬ 
lific the moment those opposing factors are eliminated, it is very 
difficult to find a convincing reason why introductions are often 
sterile. We are not prepared to be satisfied with the answer 
that this is due to “climate,” “abnormal” conditions, etc, until 
it can be so demonstrated. If the extraordinary success of a few 
introduced species is a proof that this “success” was due to an 
environment free from equilibriating competition, then we must 
look to some completely different conditions to account for 
sterility. Sterility is obviously the very opposite of all that 
goes for the preservation of the species, and yet the species is 
directly dependent on reproduction; so how are we to explain 
why a species that grows and lives, and flouri.shes abundantly is 
unable to reproduce itself ? 

It might be supposed that certain insects that convey pollen 
are absent, and for that reason the flowers are not fertilised. 
Similarly, some will contend that the absence of Thrips —so 
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much suspected of being the conveying medium of intensely 
minute pollen—is an explanation; but somehow these explana¬ 
tions are not convincing, any more than the “abnormal season” 
will fully explain a bad Profit and Loss Account to anxious share¬ 
holders. 

Let us consider some familiar examples of introduced plants, 
and note the peculiar state of things, bearing in mind the corres¬ 
ponding number of allies there are to be found in the country, so 
that we may make sure that sterility is not due to an absence of 
family connexions. I think this is of importance and might be 
worthy of consideration. 

Take the Solanaceae, as a fairly well-represented order in 
Ceylon, and one that has several introduced forms. Of these, 
let us tiake the Potato Tree as an erratic fruiter. This plant— 
Solanum Macranthuni —was introduced into Ceylon from Brazil 
in 1844. It flourishes here and flowers very abundantly, but it 
fruits very badly, sometimes never }>roducing a single fruit from 
one year’s end to the other. 

Datum Suaveolens, or Devil’s Trumpet flower, -is another 
Peruvian or Mexican species (hat was introduced probably long 
before the last named. It flowers here in abundance, but only 
very rarely does it fruit, though D. fastuosa (Attana of the 
Sinhalese) rarely fails to fruit. In the former, the flower 
generally opens at night, when its scent i's most powerful, and 
in the latter the flowering is not confined to darkness. Some 
will jump at this as the explanation, but in reply I have'only to 
say that I have freely found in.sects that appear to have been 
drawn by the scent of D. Suaveolens, and I have found a few 
fruits, so that this does not appear to be a comjiietely satisfactory 
reply to the question why D. Suaveolens is practically a non¬ 
fruiting species. Our local .Solanums cannot be accused of 
sterility, as anybody who pleases can sati.sfy himself of their 
remarkable fecundity by examining any of our common examples. 

Let us turn to our magnificent Allamanda cathartica, one of 
the Apocynaceae. which flourishes most vigorously in a great 
part of this Island. It flowers copiously all the year round, but 
it is exceedingly unusual to find it in fruit. It is a native of 
Brazil, and of very long introduction, .so much .so that it is well 
known bv its Sinhalese name of Wal-rukkattana. and it may 
claim to be now almost natural in this country. Its close ally 
A. Schottn, also a native of Brazil that was introduced here in 
1850, fruits abundantly. The family is very well represented 
here, as we have no less than 10 genera and 25 species, of which 
8 are endemic. But perhaps the most remarkably unfruitful 
example of this order i's the widespread Temple Tree (Plumeria 
acutifolia), so familiar to Us all as associated with Buddhist 
places of worship. 
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It is a native of Tropi'cal America, but when it was first 
introduced into Ceylon there is no record. After seeking for 
fruits of it for many years, 1 first collected some pods from a 
single tree growing at Rakwana. Comparatively recently, 
through the kindness of the late Mrs. Sinclair, I obtained a 
second pod, and the seeds were grown at Feradeniya Botani'c 
Gardens, one plant of which 1 have, and this produced flowers 
this year, but no fruit. The general colouring of the flower so 
produced makes one feel sure that my plant is a cross between 
P. acutijoUa and P. rubra, whidh latter is a fruit producer as well 
as a comparatively modern introduction. 

For some obscure reason, P. acutifolia, though it is to be 
found flourishing in both dry and moist districts, is practically a 
non-fruiting species, but can be always easily grown from 
cuttings. My first pod, I may mention, was produced before 
P. ruhra was known in Ceylon, and Mrs. Sinclair’s specimen 
came from a tree, one branch of which (the one that fruited) had 
been injured, and in its vicinity were flowering examples of 
P. rubra. 

It may be suggested, that the fact that Mrs. Sinclair’s plant 
had been injured, had something to do with its fruiting, as in 
another case to which I shall refer; but T think we may safely say 
that we do not know the exact reasons for sterility. 

Our much beloved Honeysuckle {Lonicera citriodora), as far 
as 1 know, rieyer fruits in Ceylon, yet it is di.stributed widely. It 
belongs, to the Caprijoliaceae, an order which is only represented 
by one genus and 2 species in Ceylon, a fact that may have some 
bearing on its unproductiveness. 

Another very familiar plant is Bi^nonia Venusta, perhaps 
better known by its appropriate I'amil name of Tanga-poo or 
gold flower. This is most prolific in its flowering, but I have not 
met with a single fruit. 

It certainly thrives very well here. Its native country is 
Bra,zil, and it was introduced here about 78 years ago. The 
family to which it belongs— Bignoniaceae — is not rich in native 
genera in Ceylon, being confined to 3, with a total of 3 species, 
none of which are endemic. We have several imported Bigno- 
nias, one of which, Jacaranda mimosaefolia, is very popular in 
Ceylon, its bluish-purple bell-sihaped flowers being regarded as 
exceedingly attractive. Like the last named it is a native of 
Brazil, and was introduced here in 188fi. Its fruiting is capri¬ 
cious. I have found it most prolific in one garden in Colombo 
with poor soil, while in another, though it is feasted and fed with 
manure and producing flowers in abundance, bears no fruits. 

The Acanihaceae are a particularly well represented family 
in Ceylon, where we have 28 genera and 9S species, of which W 



are endemic. We have also a very large number of introduced 
plants belonging to this .handsome or^er, ppe pf )Vjhjich J will 
specially sefecti as it is so well known both up-country arid at sea- 
level. This is Thunbergia gran^fiord. J am' uncertain as to when 
it was first introduced, but it is Malayan in origin. It flowers in 
prdfusifin, arid the,flowers attract Carpenter Bees and small Black 
ants, jbut it rarely produces fruit, except in a curiously erratic 
manner. 

I have found it fruiting abundantly in one part of Colombo, 
and not in another. I have obtained fruit from a sijagle pf^t 
gfowlri'g oriBard (juartzite soil at feet altitude, while at a 

place in the Kelaril Valley where it had a rich soil, it gre\y in wild 
luxuriance and appeared to be completely sterile. 

'The order to which the Thunbergia belongs includes our 
familiar “Nellu,” so characteristic of our hill-country vegetation. 
It might be suggested that as Nellu does not produce fruit yearly 
that riiay be the reason why our prolific flowering Thunbergia 
does ribt commonly do so. This suggestion however scarcely 
holds good, because Nellu, unlike Thunbergia, does npt flower 
arinbally, and it is unlikely that its flowers are only fertile at long 
iriterVkfe. 

Returning to the matter of unfruitful plants, and certain 
conditions of fruit production, I venture to give two instances 
that'appear to justify certain deductions. 

^pathodea campanulata —another of the Bignoniaceae —is a 
familiar plant in Ceylon owing to its attractive flowers. , It is of 
cdmparatively modern introduction from western tropical Africa, 
having been introduced here in 1873. It flow'ers pfofu.sely, but 
does not always fruit, especially if it is growing in free rich soil. 
If the roots get congested by being among rocks, or other^yise 
retarded, it fruits in abundance. 

Pisonia nwrindifolia belongs to Malaya, and was introduced 
about 90 years ago into Ceylon, and has been considerably 
planted for ornament in the low-country. I have only once 
succeeded in getting its flowers, though I h^ve sought for it for 
riiariy years. In this case, the tree 1 found flowering in Colomb^o 
had had its roots very severely cut about, and the whole tree 
lodked as if it were going to die. It had shed m^^st of its leaves, 
but it was ih this debilitated condition that it flowered. Unfortu¬ 
nately, the owner of the tree, believing that the plant was going 
to die, had it cut down and removed, .so that I was unable to 
follow it any longer. 

These two examples suggest that there is some correlatiop 
between a physiological shoi^ and the reproduction of species, 
the dying parent uses its last vital effort as it were to preserve 
the species. 
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CONTRIBUTIONS FROM THE RUBBER 
RESEARCH SCHEME, CEYLON 

REPORT ON THE MARKET POSSIBILITIES 
OF FRACTIONALLY COAGULATED CREPE 


G. MARTIN. B.SC., A.I.C., F.I.R.I., 
SUPERINTENDENT CHEMIST IN LONDON OF THE CEYLON 
RUBBER RESEARCH SCHEME 


T he demand for a pale sole crepe has led to the extensive 
use of processes of fractional coagulation in which the 
bulk of the colouring matter in the latex is removed 
with the first fraction, so that the second fraction is of 
a very light colour. The Chemist in Ceylon (Mr. T. E. H. 
O’Brien) suggests that estates having difficulty in preparing 
standard crepe with an appearance which sati'sfies the market, 
might find it profitable to adopt the fractional coagulation method 
as employed in factories producing sole crepe. Under the con¬ 
ditions specified for Ceylon' the first fraction amounts to about 
10 per cent of the whole ^nd is sold at nearly Id. per lb. less than 
standard crepe on account of its dark colour.* The remairiirtg 
90 per cent is of such good appearance that it will undoubtedly 
•obtain full market price. 

According to de Vries ^ “Partial coagulation was systemati¬ 
cally appli'ed in former years on some estates” in Java. The 
method of coagulation was not identical with that proposed in 
Ceylon and the first fraction amounted to 20 to 25 per cent of the 
total rubber in the latex. The second fraction did not command 
a premium to compensate for the low market value of the first 
fraction and, according to de Vries, “the method proved unpro¬ 
fitable and is therefore seldom applied.” It is possible however 
that the method may prove profitable on an estate which has 
difficulty in obtaining full market price for its first grade crepe, 
particularly if coagulation conditions are so arranged that the 
dark coloured first fraction does not amount to more than 10 per 
cent of the whole. . . 

It was considered by Mr. O’Brien that it would be desirable 
to copipare the properties of the first and- second fraction rubber 
as regards vulcanisation, plasticity, etc., in order to determine 
whether the market grading-of the rubber is in accordance with 
its intrinsic value, and for -this, purpose samples were forwarded 
to the Imperial Institute for examination. 

* Note .—In a valuation given by a Colombo Broker, March 1929, it was stated that 
“Sample B (first fraction rubber) should sell at about 8} cents below standard quality 
price, on a reasonable market of the presient value (46 cents).**—T.E.H.O’B. 
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The folldwingf is a report from a firm of Londoft brokers to 
whom samples were submitted by the London Advisory Commit¬ 
tee of the Scheme. 

“As far as the London market is concerned, Samples Nos. 
1458* and 1459* are of the same value; No. 1459 is of such white 
quality, however, that if it was sold here in bulk, it might in 
course of time command a slight premium over Standard Crepe, 
say -Jd. per lb. 

No. 1460* is far below Standard and althougih the,quality of 
the rubber may not be affected, it would not meet with a very 
good demand on the London market, except at a considerable 
discount.” 

The broker’s report indicates that it will be difficult to obtain 
a premium for the pale second fraction and that even though the 
intrinsic qualities of the first and second fractions are the same, 
the dark coloured fracti'on will not command the same price as 
the light coloured fraction. 

It was considered by the London Committee however that 
if it could be shown that either or both fractions were peculiarly 
suited for definite manufacturing purposes, it might be possible 
to interest manufacturers in this method of preparation and to 
create a sfiecial demand which should eventually be reflected in 
price. For example, the pale .second fraction should be parti¬ 
cularly suitable for the manufacture of transparent dipped goods 
such as teats, which have to satisfy a market equally as exacting 
as regards appearance as that for plantation rubber. • 

Two sets of first and second fraction crepes prepared by 
Mr. O’Brien in Ceylon have now been examined by the London 
Staff of the Scheme, and in view of the results obtained an import¬ 
ant British manufacturer has agreed to try the first fraction for 
the manufacture of vulcanised tape and the second for transparent 
dipped goods. Arrangements have also been made with the 
Research Association of British Rubber Manufacturers and the 
Electri'cal Research Association for the inclusion of the second 
fraction rubber along with other types in an investigation which 
has as its object the preparation of ebonite with improved 
properties. 

The samples examined were in the form of blanket crepe 
and consisted of a control sample and fractionally coagulated 
material. The control sample was prepared by coagulation in 
the usual way. The first fraction was prepared without the 
addition of acid by allowing the diluted latex containing bisulphite 
to stand overnight. At the end of this period it was stirred 
vigorously for an hour and the first clot removed and treated in 
the usual way. The remaining latex was treated with acid and 
the coagulum machined as usual. 

* 1468—Control. 1460—1 st Fraction, 1469—2nd Fraction. 
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r 0|i afrivai in L&ndpn the first ;#raction crepe was brot»^ish- 
yellow, whilst the second fraction crepe was veiy light in colour/ 
being slightly paler than the control sample. The dark colour 
of the first fraction is due to carotin’ (the yellow colouring 
matter of carrots). It is removed on extraction with acetone, 
the extracted rubber being much paler than the original. The 
following results show that the first fraction contains a much 
larger proportion of, substances soluble in acetone than the 
second, but it i's not suggested that this is due to the different 
amounts of carotin in the two fractions as carotin only forms a 
small proportion of the substances soluble in acetone.’ 

De Vries’ also stated that the first fraction rubber contains 
a higher percentage of nitrogen and mineral m/atter. These 
additional quantiti'es of non-caoutchouc substances not only 
affect the colour of the first clot but also its vulcanising and 
ageing properties, as shbWn by the following results of tests: 


Acetone Extract 


( 

1st series 

2nd series 


per cent 

per cent 

Control sample 

305 

3-28 

First fraction 

5-36 

7-08 

Second fraction 

2-80 

304 
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The following points in connection with the above results 
are of interest: 

1. The dark coloured first fraction vulcanises hii a l^le 
over half the time of the control sample and of the second 
faction. 

2. The second fraction vulcanises slightly faster thaa the 
control but the difference is of no practical importaace. 

3. All three samples have good tensile strengths. 

4. ' The first fraction maintains good tensile properties over 

a much wider range of "cures” than the other sampjes,. regard 
being paid to the relative rates of vulcanisation. This test was 
performed on the second series of samples only. The results 
are shown in a comparable form in the following t^le;_ 


Sample 

No. 

Eteserilption 

Range of cures fer which 
strength exceeds 1,300 lb./ 
100 X sq. in. 

Correct cure 

1400 

Control 

39 

1491 

First fraction 

> 66 

1492 

Second ,, 

40 

J/gei^ Tes£^. —¥uii:ajiiae<i test rings were kept circula¬ 
ting in air at 70^C and removed after periods of 48, 96 and 14fef 
hours. The following are the results of tests on the aged 
samples: 

SM9r SSmi||l4 Ife D^wsi'liitlotr 

TUmal ff^nonrof Tensile Wmgatiofr at 
vu!canl- artificial Strengt:lf 10V(8 of 1*94;* 
sation ageing kgs./^i tnim 


tirst 


Second 








(mins.) 

14*8 Control 100' 

i4»o no 

14#f First fratttiOn 60* 

« 

1491 „ 68 

1499' Second fhictiofi 98 

1492 ,, 100 


(hrs.) 

(Ib./sqi 

in.)) 

(per cent)' 

nil 

1780 

8Brt 

48 

2060 

7m 

96 

1860 

iVw 

144 

1700 

780 

nil 

1760 

860 

m 

2280 

766 

96 

2060 

719 

114 

1780 

590 

tril 

1460 

878 

is 

2179 

894 

m 

2280 

791 

m 

2010 

270 

nil 

1980 

8i0 

48 

2480 

*2 

98 

2490 


m 

2240 

m 

nil 

1680 

m 

18 

2260 


96 

2020 

m 

1|4 

1800 

731 

nil 

1760 

864 

48 

2480 


96 

2860 

A9 

144 

950 

m 





There fe little difference between the ageing properties of 
the second fraction and of the control sample. The ag[eing 
properties of the first fraction are superior because it retains its 
tensile strei^th for a longer period. 

(c) Plasticity Tests .—^The results of plasticity tests are 
shown ia the foBowiatg table: 


Senoi 

Sample No. 

Descriptioa 

UfiioiastkMiad 

rubber 

number 

• 

First 

U58 

Control 

154 

99 


mo 

First lrnctk>n 

163 

101 

VI 

1459 

Second fraction 

154 

95 

Seeuttd 


Comtol 

ISl 

92 


I49J 

First fraction 

166 

90 


1492 

Second fraction 

196 

99 


There is little difference in the plasticity of the three samples. 
This is somewhat surprising as the first fraction contains more 
non-rubber accessory substances than the others and the freshly 
rolled crepe before drying was very weak, displaying poor 
coherence. 

REMARKS 

The first fraction crepe might be regarded as inferior to 
the others not only on account of colour but also because it 
represents a less pure form of caoutchouc. The additional 
accessory substances however not only enable the rubber to 
vulcanise quickly but also to maintain a good tensile strength 
over a wide range of cures and for a long ageing period. * These 
properties may be of value in connection with the manufacture of 
tape.’ 

There is little difference between the second fractiton and 
the control sample except in colour. Pale raw rubber should be 

value for the manufacture of transparent goods. 

An attempt is being made to interest manufacturers in the 
pale nibber and also in the highly coloured first fraction. 
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G. MARTIN, B.SC.,‘A.I.C., RI.R.I., 

SUPERINTENDENT CHEMIST LONDON OF THE CEYLON 
Rl|BBER R^^RbH SC^I^ME 

NE of the factors-nMecting the reliability of plantatien 
rubber is ita variability in plastiidlty. Some 6onsigii- 
ments r^qtiirte nlore milling than others to reduce them 
' to**the plasticity required for manufacfurmg pp?W- 
tiofis. £ If first grade rubber were ifniforhi‘in this respect'it wt^d 
tend to increase the demand for this quality of material at thi? 
expense of more variable types*'(fecial Circular March, 1930: 
oV Value'to Rubbel» Growers of “the Work in London of the Ceylon 
.Rubber Research Scheme.”) ► ’ 

De'Vries (Trans. I,nst. Rubbef Industry 1927, 3, 264) ha’s 
'^dVn ’that'‘lhere is little variation in the hardness of first gpade 
'rubber/soon aftdr pifepatation, but that differences arise subse- 
^<p'^^tly dUe to changes in the rubber during the per?od between 
its^ preparation and use by the inanlifacturer, specimens sotnh- 
ti'mes becoming harder, sometimes softer and .sometimes shonfin^ 
llitde.change. ^ He concludes that the change is on the whole 
■Jcfepeadent upon the serum subsdartces iff the rubber, and that ah 
excess causes hardening and a deficiency softening. ■'''Thb 
jrelatiop ^between .the hqrdnees of unmasticated or. tanmilled 
rubber a^d the apiqUht of mastication required is not folly iknoteq, 
but information on this point is being obtained in London by the 
staff of the Ceylon Rubber Research'Scheme. 

Temperature .—The samples examined in London in con¬ 
nection with the work of the Ceylon “Rubber ReSeatrCfi Scheme 
hn* the effect of methods bf preparation bn pfastiRitJ jarpj^l'^ays 
stored for 6 months at 60°F after their atriyal in.iLondons so 
that changes have ample. ..tkn^ J» develop andwthcj differences 
between samples correspond with those occurring in commercial 
operations. As rubber on its journey from the East and while in 
Europe and America is subjected to a wide variety of tempera¬ 
ture conditions, most of the samples received for examination 
have lately been stored at 32® F as well as at 60° F before testing. 
The samples stored at 32°F are invariably “frozen,” {i.e., they 
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be^iHfe «paque arid very hard) and some of those stbf«d at 60°F 
also become “frozen,” but on warmirig or masticating they-all 
quickly become translucent and supple, arid their ‘‘frozetf’- 
condition appears to have no effect on the results of either rriasti- 
cation or hardness tests. On the whole the samplesi stored at 
S2-®F -are slightly softer and require slightly less milling to preach 
a faxed degree of plasticity than those stored at 60°F. 

It is proposed to extend the investigation to the effect of 
storage.at higher temperatures as, ih practice, rubber Is subject¬ 
ed for a time to tropical temperatures and may also be exposed 
to very high temperatures during transport and whilst in Europe 
and America. 

■ . Humidity .—Not only is the rubber of commerce exposed to 
a variety of temperatures but also to a wide range of humidity 
idphdkions. In the tropics the atmosphere is jmostly damp; in 
Europe arid America the amount of moisture in the atmosphere 
is much less but is subject to considerable fluctuatioiis. A preli¬ 
minary series of experiments was therefore arranged to 
determine the effect on hardness of storing rubber at 60°F for a 
ridnsiderable period in atmospheres containing different amounts 
of miosture. 

. . The samples were stored for 11 months in glass jars^ and 
exposed to air at 60° F containing different amounts of moiteture 
as follows:—(a) dry, (b) 38 per cent saturation, (b) 80 pet cent 
saturation, (c) 96 per cent saturation. Ail the jars’were, kept 
in a moderately dark room, but as they were exposed to a dull 
light .which might have some effect bn.hardne.ss.an. additional set 
oifsamples was stored in a jar.containing air 80.per cent saturated 
with moisture, ,and.totally enclosed so as.ta.exclude all light..... 

The different amounts of moisture in the atmosphere 
required for these experiments were obtained by sulphuric acid 
of the required concentration. As sulphuric acid vapour might 
have an effect on the hardness of the rubber a further set of 
samples was stored over calcium chloride for comparison yith 
that stored over concentrated sulphuric acid. 

‘The samples consisted of ten smoked sheets which had been 
prepared by allowing the coagulum to remain in the serum for 
diffe rent periods. They were all prepared from the same latex 
blit in the case of five of them the coagulant was aceti'c acid arid 
p^rariitrophendl, and in the case of the other five acetic acid only 
Wds usfed for coagulation. The test was only regarded as a 
^binhiriSfy^^ bne to indicate-whether the. subject was worthy of 
'detailed attention arid ther^t was no particular reason, for selecting 
^ririptee'beybrid that of conveni^e. " . ,.. -: i 
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Tih^ ive$u|>ts a*e % the tables af^ea4ed to this 

Jbe higher the results {Dgo) t^e httrder is ^ rubl^. The 
hardness figure for most samples of first grade rulher is between 
140 and 

As the length of time the coagulum remained in the serum 
seems to have had no effect on the results of hardness tests, it is 
convenient to compare the average results for each set of five 
samples, which are shown in the following tables; 

EFFEXrr OF STORAGE FOR 11 MONTHS AT 60®F. 

/a) Different conditions of moisture 




Dry 

After Storage 

38 per 
cent 

80 per 
cent 

86 per cent 
moisture 

S^amples 

before 

Storage 

Concen¬ 

trated 

sulphuric 

acid 

Calcium 

chloride 

miosture 

50 per 
cent 

sulphuric 

acid 

moisture 
25 per 
cent 

sulphuric 

acid 

10 per cent 
sulphuric 
acid 


D»o 

Djo 

Djo 

Dso 

Djo 

Djo 

mni./lOO 

mins./100 

mms./ipo 

mma./lOO 

mms. /Ipp 

mmJW 

Not con¬ 
taining 
paranitrp- 
pfacsiol 



177 

167 

159 

174 

Ipontein- 

nitfo* 

f^nol 

• 

W 

178 

• 168 

158 

168 


(i) Different conditions of l^ht (humidity SO per cent saturation) 


Samplgt 

Before Storage 

After 

Storage 



Diffused 

light 

1 ^' 

Dark 


D 30 

Djo 

Dio 


ixuns./lOO 

mms./100 

mms./ipp 

Not containing 

157 

169 


paranitrophenoi 

161 

Containing para- 

155 



futrophenol 

168 

161 


On an average all the samples became harder on keeping. 
Those stored ih a dry atmosphere (over concentrated sulphuric 
acid or calcium chloride) becam« very hard, and the wetter the 
atmosphere the less the change in hardness expept in the case of 
those samples stored in a very wet atmosphere. Some pf th^pe 
were as hard as samples stored in a dry atmospher#, hwt4ts 
had become mouldy and the hardne^ was propmlaosmiJ tp 
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amount of mould present it is concluded that the hardness of 
these samples was due to secondary changes. The samples 
containing paranitrophenol did not become as mouldy as the 
others, and it will be observed that they are much softer although 
on the whole, in other cases, paranitrophenol had little effect on 
the hardness of the rubber. 


Prolonged exposure to very dull diffused' light had no effect 
on the hardness of sheet under the moisture conditions selected. 

It is evident from these preliminary experiments that 
changes in the hardness of rubber on keeping are markedly 
affected by the amount of moisture in the atmosphere. It is 
proposed therefore to carry out more detailed work and also to 
study further the effect of mould on plasticity. 

Oxygen .—As a matter of theoretical interest duplicate 
portions of the same samples were stored at 60^F in sealed tins 
in oxygen and nitrogen without any control of the humidity. 
Only the samples stored in nitrogen failed to harden. Further 
tests are necessary before it can be concluded that changes in 
hardness on keeping do not occur in the absence of oxygen. 
The results obtained are shown below. 


Samples Before Storage 


mms./lOO 

Not containing paranitro¬ 
phenol (average) 157 

Containing paranitro¬ 
phenol (average) 155 


After Storage 
Oxygen Nitrogen 

^8 0 _ ^8 0 

mms./lOO mm,s./100 

168 153 

162 153 



CJ 


^46 
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dusting as a iv|jEANS ;6^‘r; 

. ' CONTROU.ING OIDIUM* * . . i 

/ ’i r. ' • ' -. . • ^ 3,,, 

A STATEMENT MADE AT THE GENERAL MEETING 
dr rriE RUBBER RESEARCH SCfHEME ONf ^ 

‘ APRIL 25. 1930 = 

^ I ^ ‘ -L " ^ ^ ^ 

^ . R. K. S. MURRAY, AiR.C.Sc.. • ' 

^ ' ' MYCOLOGIST. ■ ’ 

< RUBBER RESEARCH SCHEME. CEYLON' ' , 


' ' introduction.-^—The experiments which the'Rubber Rcseacth 
Scheme is carrying out on the control of Oidium leaf disease by 
tnfeans of sulphur dusting have not yet reached a stage ht which 
-a'dbatailed report may be issued. In view, However, of the 
interest in the method which [>lanters and agents are now show¬ 
ing a$ evideiv:ed by a number of enquiries received during the 
,last few weeks, it was thought that <i statement made at this 
meeting would,be of value. The following is therefore in the 
nature of a brief interim report, summarising the method of 
propedure and the results so far achieved. It may at-once he 
stated that although we have not secured the 100% degree^ of 
control claimed for the treatment in Java, the experiments whjqh 
have so far been carried out give promi.se that the method will 
prove to h® an effective apd economical means of «ontrol in 
Ceylon. .t 

iTihe photographs attached illustrate the dusting pr<K'e!,s 
and the results achieved, and .are readily understood by referpnge 
to .the explanatory footnotes. 


MATERIALS ' 


' (a) Trusting Machine .—In the experiments referred‘ W’a 
maVhine, imported from Java'has been used. It is hoped'io 
Urarry Out a ccWiparative test with a machine of British mPnti- 
-f-aCture at &n ea-rly date, and until the results of this trial at'e 
attailable no hfliidial recommendation as regards the most stiitaWe 
rfiachine can be rtiade. ' * ‘ 

In the Dutch machine a small petrol motor drives a fnn 'it 
shigh spe^d? l.The .sulphur is fed into the fan rhamberi from a 
I boppiec with ^ regulator, and is bldwt? tqi througfc a chimney. 
iThii wholi fbrn^ a compact unit easily'portable by cbolieo. 

: 3 Thf sulphur that has *been used/ is jRawah 

oPpetik voloaoic sulphui- from Jivq.' iThis in-niold'^’two grades 
of which the higher grade, known'as^utClotatse’’ »sulphuri'Jhas 
toiiTbis •- dust; ^icoatains' Mtft&So. asulpbup. dry 




,fc wi, 'siSSi; te 


;jeylon), 



satapk) with a iBaxinwim taoisture £Ojatent of 5%. It is joec^- 
sary to dry this sulphur before use by spreading it out in fhe sun 
for a few hours. The sulphur is very finely divided and has 
excellent cloud-forming properties. It is obtainable from N. V. 
The Estates Supplies Co., Ltd., Sourabaya, Java, at a c®5t af 
F 100/- per 1000 Kg. (About -/06 cts. ^ lb. in C^loa). 

The Dusting Operation .—Sulphur is fed into the hopper, 
the machine is swung with the starting belt, and the dusting is 
in progress. The machine is carried, while working, along 
suitable paths or lines, the output of sulphur being adjusted 
according to the strength of the wind, the slope of the land, and 
the rate of progress. It is usually possible to do most of the 
dusting from paths or roads. A gang of ten or twelve coolies 
is sufficient according to the nature of the ground; four coolies to 
carry the machine, one to keep the hopper constantly haif^full 
sulphur, and the remainder to bring the sulphur to the machine 
from pre-arranged dumps. 

The distance to which the sulphur carries, and therefore the 
working range of the machine, depends largely on the strength 
of the wind. With no wind the sulphur rises very high in the 
air and the process is very slow. A strong wind fe unfavourable 
unless blowing down a steep slope since the sulphur does not 
then rise satisfactorily to the tops of the trees. The ideal condi¬ 
tions are a very slight steady breeze which permits the sulphur 
to rise to a suffici'ent height, and at the same time wafts it slowly 
through "the foliage. Under these conditions the machine has 
an effective range of action of about 100 yards. Under Ceylon 
conditions an average area of 100 acres should be covered in a 
day. 

The Experiments in Matale .—Experiments on sulphur 
dusting have been carried out cm Bandarapola and Kandanuwara 
estates, Matale, the rubber being very severely affected with 
Oidium. On the experimental 1(M) acres on Bandarapola three 
applications of sulphur were made, while on Kandanuwara a field 
of 80 acres was treated with five dustings. The results secured 
on Bandarapola were disappointing, and indicate that insufficient 
applications were made. Attention i's drawn to the experiments 
on Kandanuwara. 

On the experimental area five applications of sulphur were 
msude at approximately 10-14 day intervals durit^ ihe period 
of refoli^tion after wintering. A total quantity of 1,600 lb. of 
sulphur was used which averages approximately lOj^ lb. per 
acre per application. A neighbouriiig field of equally affeeted 
rubber served as a control. 

Owing to a number of causes which need not be disetweed 
here 100% control of Oidium on the dussed has not been 




Plate I.—The Dusting Machine—12-3-20. 












Plate II.—Kanclanuwara Estate. Dusting in progress—20-2-30. 






Plate III.—Kandaniuvara Estate. Dusting in progress with 
machine in motion—22-1-30. 







Plate IV.—Kandanuwara Estate, 
Dusting in progress. Machine at rest—12-3-30. 












Plate V.—Kandaniuvara Estate. Dusted field after four applications—11-3-30. 











Plate VI.—Kandaiiuwara Estate. Undusted control field—11-3-30. 













Plate VII.—Kandanuwara Dusted field after four applications—11-3-30. 









Plate VIII.—Kandanuwara Estate. Undusted control field—11-3-30. 













secured. The photographs, however, indicate that the foliage 
of the dusted rubber is markedly superior to that of the undusted 
control area. 

As an additional means of judging the results of the dusting 
the foliage of a number of individual trees in small plots scattered 
throughout the dusted and control fields was classified according 
to the intensity of Oidium attack. 156 trees were so examined 
in the dusted field, and 15G trees in the control field, the examina¬ 
tion being made in April after the wintering was completed. In 
the dusted field 11% of the trees were classed as completely 
defoliated, while in the control area the figure was 53%. Corres¬ 
pondingly 20% were almost free from the disease in the dusted as 
against 3%, in the undusted area. 

Yield records are being taken in the dusted and undusted 
fields but no results are yet available. 

Quantities and Costs .—^The cost of the dustifig on the 30 acres 
of Kandanuwara estate was high owing to the smallness of the 
area and the disproportionate cost per acre of the labour. The 
following is a sample of the cost of one day’s dusting on the 
baeis of 100 acres per day: 



Rs. 

cts. 

1,200 lb. sulphur ® -/fl6 cts. per lb. 

72 

00 

4 coolies to carry duster ® -/60 cts. 

2 

40 

6 coolies carrying and feeding sulphur 

3 

60 

l-J gallons petrol-oil mixture 

3 

• 

00 


81 

00 


On this basis the cost works out at - /81 cents per acre per appli¬ 
cation, excluding dt^redatitoi on the machine and special super¬ 
vision^ lit will be seen that the cost lies almost entirely in the 
sulphur, the labour and the running expenses of the machine 
being very small items. 

Discussion .—Such questions as the minimum effective 
quantity? of sulphur per acre, the number of appli’cations^ neces¬ 
sary? and* the period elapsing between successive applications 
must be subjects for further investigation, and will dfepend 
largely on the degree of attack. It is also not known whether 
(fiistinfg wilTbe a permanent cure or whether it will be necessary 
to carry out the treatment every year. The method has the 
advantage of being quick and comparatively cheap, and it is 
hoped that further dUstings may achieve a higher degree of 
control! than the first experiments. 

AakmmUdgintenk —En conclusion, 1 should like to oaspress 
rpy graldtade tts ^ sapenmtendents of Bandaiapola and Kanda- 
t>uwars' estates whose asstistance has been of great value. 
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THE COCONUT INDUSTRY 


[The»following* memoranda supply furtJier explanations to the report 
on coconut industry submitted to the Government of Fiji by the ^Empire 
.\fail<elinj 4 Board and which was reproduced in The Tropical Afj^riculfnnsi, 
Vol. I \X1V, No. 3 p. 143 (1930). We are indebted to the Agricultiiral 
Advisor to the Set retary of State for the Colonies for copies of them.— 


Ed:, T: A,] ^ . 

’ : PRODUCTION OF COCONUTS 

^ ABLES ;A, B, and C attached g^ive statistics which have been 
compiled in the Impt*rial Institute reg*arding the domestic exports 
of (i) Coconuts, (ii) Copra, and (iii) Coconut Oil from the pro¬ 
ducing countries in the Empire for the four years 1925-1928 so 
far as information is available, and also the corresponding hgures 
for the Dutch h'ast Indies and the Philippines. 



In order to secure a corrC^'t impression of growth or.decline Ol the 
cpi^xjinul^ industry in the various countries, it is necessary to bring the figures 
given in these tables to a (ommon denominator, and a rurther 'tlabU I) has 
ifierefore bc(*n prepared slu'Wing the total export's of Coconuis, copra, Jtnd 
coconut oil in terms of cot onuts. For this purpose one ton of eot'oniit oH 
has been regarded as equivalent to 8,125 nuts. Where exports of Coconuts' 
have been given in tons, one ton has been taken as equal to 1,400 nuts. 

llfjwill be seen that Tabled) does not include exports from the Straits 
Settleipents or the Unfederaled Malay Stales, which are shown in the 
cedingMables, nor have the exports of coconut oil from Australia been 
included for the reason given in note (b) to Table C. 

* PROSPECTS OF THE COPRA INDUSTRY 

1. " Average prices per ton of Federated Malay Stales Singapore Copra 
c.i.f. London, during rec'ont years have been as follows : 


Table I 


’ 

; ^ ' AmnmJ ‘ 

average 

prices of copra 



“ - ■ 

\^ear 

r Price per 

ton 

Year 

Price 

per 

ton 


£ 

s. 

d. 


'.£ ■ ■ 

s. 

d. r 

1916 

33 

13 

9 

1923 

27 

17 

6 

1918 

(controlled) 45 

10 

0 

19.24 

’ 29 

15 

0 

” 191^ 

52 

10 

0 

' 1925 

30 

5 

0 

1920 

'• ; 56 

7 

6 

. 1926 

28 ' 

12 

e - 

-.1921 , 

30 

12 

6 

1927 

27/ 

10; 

0 ^ 

,, 1922 

: - 24,. 

15 

0, 

1928 

26 


6' . 

r ■ 

' ■ ^ r 

'' 


, 1929 

23 

l" 

0 , 


, 2^ Changi‘S;in (|iiotat^ons for copra during Ibe past 'th'rf^e years.“1a're 
siiyvv'n bejow; , . . i 

■' '' . ■■■ TableTl' /V ‘ 


1926 

19:^8 

1929 


January 


Variatims 
£ 

29 


m- 

24 


in copra prices 1926^9^8 


S. 

.7 . 
•2 ■ 

12- 


d. . 

6 December 

a fic :z:y^ 

y. »>., 

e; • ^ 

■6 ' . 


£ 

26 

28 

^5 

22 


- ,s.„ 

2 

-i ■ 

' 0 

12 


6 f4i , 
6 W 
0 Fall 
QFall. 


: Si . 

X 


i > 

£ 

3 

■T 

Xs:i2- 
1 45 


f 
a 





; Durin 4 ^ -19i?9, tht^ ‘price to £21 in June but rose to £28 in the 
following;' tponth. AHhoutj;!! £24 was recorded in September, the priee-feH 
in October, and the aycMag^e for December was £22. 12. 6. The coo- 
tintied low prices are partly attributable to the prospect of feeding stuff.v 
other than oil cake bein^ in plentiful supply. 

8. Tlu‘rc has of course been a very substantial increase in the produc¬ 
tion of copra in comparison with pre-war years. The following* figures 
extra('te(l from the \ ear Rook of the International Institute of Agriculture 
(with certain later figures where available) show the average nett exports 
of copra in the (juinquennium 1909-13, and during the past five yearSj with 
septu;ate particulars for the five groups of countries which together 
account for some 90 per cent, of the quantities entering world trade. ,- 

Table III 

World Exports of copra 



1909 13 

1924 

1925 

1926 

1927 

1928 


(hoLisand 

tons 

I'housand tons 

Thousand ions 

1V)tal 

545 

875 

907 

1008 

903 

— 

British Malay, 

M 4 

92 

86 

104 

87 

95 

Duti-h i;. Indies 234 

338 

335 

371 

300 

431 

1 Philippines 

128 

154 

145 

171 

196 

234 

Ceylon 

41 

88 

113 

121 

99 

99 

South Seas 

70 

139 

148 

159 

159* 

—■ 



* ; 

Provisional 





4. The high prices ruling for copra in 1919 and 1920 resulted in an: 
Increase* in cot'onut plantations. After the slump' of 1920/21 prices rose 
from 1922 to 1925 and il was not until 1926, when the new plantatioun begun' 
to come into bearing, that the increase in world supplies showed >iigns at 
outstripping the increase in demand. World supplies in 1927 fell back tiy 
about the 1925 level and it is noticeable that tlierc was some appreciation in 
values during the year, but although complete figures for 1928 are not yef 
available, there was evidently a striking recovery in supplit*s in that year, 
four groups of (ountries, which together account for 75 per cent, of the 
world’s exports, having an export 12 per cent, in ex('ess of the 1926 totaf 
and 26 per cent, higher than in 1927. Information obtained from irades 
sourtVs indicates that during the first quarter of 1929 world shipments 
showed*a further appreciable increase over the corresponding period in T-928c 
but that there was a decline during the. second quarter.. These ftuctuation'fi 
are reflected in the varying quofatiohs for copra during 1929, given hi para¬ 
graph 2 above. 

5. Tt appears, therefore, that the fall in c'opra prices during the past 
1J years has been partly due to increased prodiu'tion, following the high 
prices, and consequent new plantings, in 1919/20. The majoritv of new 
plantations established during these two years are presumably now in bearing 
and although production may be expected to continue to increase for a year 
or two, there is every probability that the rate of increase will tend to slow 
down. On the other hand, there is reason to believe that the consumption 
of copra will continue to increase owing to the growth of population and the 
increasing use of vegetable oils. 



6. With reg:fitrd td competitive products, it is no doufet trtWf <l!dt the 
incred^ed production erf groundnuts and whale oil^ both of wtiich arcr largely 
used* in margarine making, has contributed to the depression in the copra’ 
market, and the increased world production of other vegetable oils is doubt¬ 
less a further contributory factor. World exports of groundnuts durkig 
pre-war and recent years are given in Table IV below: 

Tabte IV 

World exports of groundnuts 



1909/13 

1924 

1925 

1926 

1927 

1928 


Thousand tons 

Thousand tons 

Thousand tons 

Total 

555 

992 

1333 

1377 

1293 

— 

British India 

192 

243 

463 

444 

457 

749 

Fresh W. .Africa 

205 

312 

444 

480 

404 

386 

British W. Africa 

64 

139 

176 

188 

160 

195 

China 

39 

196 

168 

176 

— 

— 


7. It is of course impossible to foretell with any degree of accuracy 
what may be the further trend in production of an annual crop such as 
groundnuts. Any continued depression in market values would presumabh 
be followed in due course by a reduction in acreage under cultivation. As 
regards whale oil, figures of production, obtained ,from trade sources, 
indicate an increase from I09,00d tons in 1922 to 203,000 tons, in 1922 and 
226,000 tons in 1928. Production in 1929 is expected to reach nearly 
300,000 tons. 

8. It is impossible to determine to what extent recent combinations 
of buyers and the creation of a margarine combine covering the great part of 
margarine production in this country and on the Continent, has affected the 
market for copra. It appears, however, that since both copra and palm 
kernels tare more exclusively used for magarine than other oil seeds, their 
price depends to a larger extent on tfic buying policy of the margariTie 
combine:. When supplies are in excess of demand a combination of buyers 
may undoubtedly depress the market unduly to the disadvantage of sellers 
and has led in other industries td combination or co-operatiive selling on foe 
part of producers. 

9i The Board’s Statistics and Intelligence Branch undertakes perio¬ 
dical .surveys of the world position of certain commodities, and the quefslion 
of at v/orld survey of the production and cortsumptlon of oil seeds is now 
under consideration* The above information haa been compiled on the 
of iirformatiort already availablfe in the publications of the International 
Inatitiute of Agriculture supplemented- by trade statistics,, but it is hoped 
that more complete figures will be obtained as a result of the world agri¬ 
cultural census of 1930. 



THE RELATION OF WEATHER TO PLANT 

DISEASES* 


INTRODUCTION 

T he object of this paper is to outline briefly the relation of weather 
to plant diseases, and to suggest methods by which the me^teorolo- 
s^^ist can be of assistance to the plant patholo^^ist. Plant diseases 
caused b\ parasitic agencies alone will be considered, and the 
discussion will be limited to diseases due to fungi and allied 
rn i c r 0-0 r ga n i s m s. 

A ('entury or more ago the diseases of crop plants were attributed 
directly and solely to adverse weather conditions. At a lattT period scien¬ 
tists, on discovering that certain micro-organisms were responsible for these 
diseases, t'oncluded that the previously held view of the direct connect‘on 
between wt'aiher and disease was entirely erroneous. 1'hus, seventy years 
ago, ncitlu r the plant pathologist nor the agricultural meteorologist realised 
the essentia] and true ('onnection between weather conditions and the out¬ 
break and spread of disease in cultivated crops. As the science of plant 
pathology developed, however, it became evident that in certain years .some 
diseases vv(‘re (conspicuous by their severity and others by their mildness or 
(‘ven ('ompU'le absencta this order being reversed in other years when 
different weather conditions prevailed. In more recent times, research on the 
relatioii Inaween weather conditions and the prevalence of plant diseases has 
progressed remai'kably as a result of studies made both in the laboratory and 
in the field. 'Phis “phenological” aspect of plant pathology is, nevertheless, 
still in its infancy ; and not until much more extended data bei'ome availabU' 
('an the prevalence of epidemics in crops be correlated with certjfintv with 
specific weather conditii^ns. W’hat the plant pathologist reallv needs is a 
system of weathei* forecasting sufficiently detailed and ai'iurate to enable 
him to adx'isc grower.; that ('ertain diseases are sur*e to appear, because 
the coming weather will he favoui'able to Ihi^se diseases. Acting on such 
advice the grower would then be able to lake such preventivt* measures as 
were possible to ward off attack. 

That; a definite ('onnection exists between weather conditions and certain 
plant diseases can I'eadily be seen in almost any season. In a small country 
such as Engdand, wdiere then" are no wide variations in climate at any time, 
instanc'es can be given of diseases being unusually prevalent in one year 
and absent in anotluM- Amongst such diseases are those caused by the 
Powdery Mildews (Erysiphaceiic)^ which became epidemic in the dry, hot 
summer of 1921. In that year, how'ever, twai diseases were noticeable for 
their comparative absence, namely. Potato Blig-hl, due to Pfiylophthora 
infestans, and Yellow Kiist (Puccinia g/wmanm/) of Wheat. Such occur¬ 
rences show that different di.sea.ses are affected diff(‘rently by the same 
weather conditions. Countries of very extended area, such as the United 
States of America, present wide climatic variations; consequently the corre¬ 
lation of plant disease incidence with meteorological bictors is more readilv 
discernible. 

* Paper read by C. K. Foister, of th(' Plant Pathological Dividon of th*' 

Dcpartmeni of Agriculture for Scotland, before the Agricultural Spclion of the CoMferenc'* 
of Kmpin* Met(H>ro1ogisfs, 1929. 
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The various factors which comprise *‘weather^’ have been studi€*d, most 
fr^uently separately, at some length. A few diseases, such as the Potato 
Blight and the Cereal Rusts, have been examined from the ‘^^ollective 
weather*^ point of view, but it will be preferable to examine in what ways 
the individual factors influence.the disease-complex first, and then to review 
and discuss those particular cases afterwards. 

TEMPERATURE 

In attempting to review our present knowledge of any individual factor 
such as temperature, it is still too early to explain fully the various pheno¬ 
mena observed. It must suffice here to indicate the phenological relations 
that exist; chemical and physiological explanations may he loft for discussion 
amongst plant pathologists themselves. 

It is natural to begin at a lime anlec(‘(len{ to the appearance of a 
disease, that is, before the pathogen has attacked its host plant. It is now 
well known that, for the occurreni'e of an epidemic, it is not necessary 
for the fungus or other pathogen to be present at the outset in overwhelming 
numbers. It is sufficient if a small amount of the pathogen is present in 
a resting or latent form ; for this, provided ( onditions are right, will develop 
and attack its host plant. Conseipient upon this the sei'ondary sources of 
infection (usually spores of some kind) formed by the pathogen when once 
established on the host plant, become distributed naturally, often bv wind, 
to other plants. In this way the area of infection im reases and an epidenfu' 
develops. 

Temperature plays a very great part in the initial germination of the 
spores cf the pathogen. In some cases it directly affects its survival through 
the winter or resting period. Often the survival f>f a fungus is imperilled 
by the weather conditions of the previous summer and autumn, wliic'h may 
prevent the formation of the very spores hv which it nonnally survives the 
winter or such spores may actually be killed. 

Thi«^ occurred, for instance, at Cambridge during 1921, when the hot 
dry summer killed all the uredospores Piiccinia ^Ikdkivhvi , so that during 
the winter of 1921 and the spring of 1^22 no uredospores could found. 
The writer personally noted the absence of this fungus, again, in th(‘ winter 
of 1926 and the spring of 1927, and there is little doubt that the surnm(*r 
weather of 1926 was, at least, partly responsible. Provided that the 
uredospores of Puccinia gliimarum survive until the beginning of winter, 
they can easily survive further until the spring, since they are not injured by 
low temperatures. Miss Sampson collected uredospores of P. g/amanou in 
Wales after from 3''’’ to 8*^ C. of frost during the winters of 1922 and 1923, 
and found them capable of germinating. Marshal Ward found that the 
spores of P. djspersa on Bromes were killed by high temperatures (30^ C ), 
but that they survived freezing. Metha found P. friiichin also capable of 
surviving freezing temperatures, but uredospores of P. ^mniinis w^ere killed 
by the lowering of the temperature that occurred in the middle of Dec ember. 
Another w'orker, Waterhouse, recorded the fact that the uredospores of 
P, graminis can survive the high temperatures of an Australian summer. 

Again, temperature directly affects the germination of fungus spores. 
The spores of some fungi seem to need freezing before they will germinate. 
For instance, Salmon found that the spores of Sphacrotheca Huwitli germi¬ 
nated better after freezing for twelve hours. Temperature also affects 
the type of spore germination in some cases. For example, in the Potato 
Blight fungus, Phytophfhora infestans, high temperature's cause germ-tube 
germination but low temperatures clause zoospore liberation, allhoug-h it 
must be admitted that tt'mperature is not th(‘ onb' factor that determines 
the mode of germination of these spores. Meihus obtained optimum 



zoospore liberation at from 12® to 13® C., but optimum germ-tube forma¬ 
tion occurred at 24® C. The zoospores of this fungus remain motile for 
twenty-two hours at 5® to 6® while they remain motile for only nineteen 
minutes at 24®-25® C., thus diminishing the clianees of infec'tion at the 
higher temperature. Infeetion with the Potato Plight fungus is thus depen¬ 
dent upon relatively ('ool weather. Melhus obtained greatlv jnereased 
infection when plants were ('hilled for tweiva- or tw(‘nly-four hours, 
to 10®-13® C. than when they wer(‘ left at 21®-2vS® C. Gregc^r}' also fc'n.ind 
similar effet'ts with Pltisniopat'a viiiculn, the cause of Downy Mildew of 
the Grape. "Ihis disease starts In cool weather, owing to the fai't that the 
resting spores do not germinate* at 80®'-90® while at 70® F., there is 
40-50 per ('ent. and at 50® F. 95 per cent, germination. At 35®-41® F., 
however, then* is hardlv anv germination. The* zoosperes als(') remain 
active* longer at 50® F., as do those* of Phylophihoni iuft'stuns. 

With Apple Scab (J'cnliirin indccfudlis)^ Kenlt and joru*s in the U.S.A. 
have studied the seasonal lelations rarefullv. Possihilitv of infee'tie^n begins 
ns S(K*>n as the tips of the* sepals emerge* from the* fruit-huds, and it lasts 
until from two to four weeks after petal fall. Again, although it mav at 
ne") time be* ahsoliiteh at standstill, infe^rtioi'i ore'tirs re*adilv in the autumn, 
wh(*n Irults and leaves may he attat'ked if e'ool moist weather oeeurs. 
Although the tC‘mperatnr(‘ range for inleiiion is v(‘ry wide (viz., from 6®-26® 
C.), the* optimum is round about 20® (A The ascosporcs, curiously enough, 
germinate at te*mperatur(*s of from 0'5®-32® C. It seems, als(’), that tem¬ 
perature has an infliienrf* upon the progre-ss of the* fungus in the tissues. 
Thus, at 8® C., the inrul)rition pei'iod was prolonged to sewenteen days, 
as compared with (‘ight to twelve days at 2(t®-25® C. The disease devele^ped 
sparsely afl(‘r ihirlee'u da\s at 26"^' C, in one trial, but failed to develop 
under similar conditions in two other trials. McA'crtln'less, it is a fact 
that the fungus tolerates summer 1e*mperatures in orc'hai'ds miu'h excec'ding 
20® C. It mav he* that the diurnal rise and fall in temperature has the 
same eFe.*('t as a c'onstant lower l(‘mpera(nre. K{‘ilt and h'ue's thought that 
the temperature range of tin* host plant ex<.'e('(l(*d that of the fuiTgus. In 
anv ease*, it s(*t‘m(*d ('ertain that the disease rang(‘(l within temperature limits 
approximating to those endureel hv the parasite'. 

Citrus Sc'ab, e'aused bv Phulospoi'intti Citri, i^ a dis(*ase. the climatic 
relations of which (\an readiK he sludi(*d, hecnns(‘ ihe citrus fniit is grown 
in so many parts of the tropie's tliat great variations itt temperature are 
associated with its ('ultivation. Fawe'ett found that citrus foliaee be*came 
infe(*te*d onlv at relati^^elv e'ool le*mt)eratun*s, viz., 16®-21® C., and that this 
range e'orre’spoiuled with the ootimum for growth e'jf the fungus in pure 
culture F(‘ltier anel Peltier and Frederie'h found a similar range for inft*c- 
tion, and ('orrelated the* seasonal appearance* of tin* elisease* with climatic 
e'onditions, 1'hev found that the warm spring e>f 1918 in Alabama caused 
very early gr(n\'th of the tre(*s whie'h, hv the lime* the* temperature rt'ached 
that favourable for the fungus, had pass(*d the sus('«*plible* stage; hence no 
Scab was reported there that vear- The* venr 1915, henvever, 'was abnor¬ 
mally ('old until much Inte'r in the season, and host grow'th was theivbv 
retarded. When growth began, the tempernliire vas also favourable for 
infe‘('tie^n, h«*nf'e Scab was pre‘va1ent in that ^‘e*ar. In ^Taiula (Philippine 
Islands) there is no Citrus Scab, he('ans<* tlie temn^'i'atures tbere are too 
high for rnfe*ction fme'an 27® C.) On the* other lu'mek at T('>s Ang(*Ies (Cali¬ 
fornia), Mobile fAlahamab and Nagasnki nanan^ .S{'r’h is pr(‘\-;»i(MU, because* 
at these nlaces the mean lempe'ratnn* lies h(‘tween 18® and 19® C.. a range 
that is the optimum for both infe^ction and prc)gress of the disease. 

Opinions vary as to the set'of e'onditions nee'essarv for the development 
of Blaclv or Stem Rust of Wheat, Puccinia fframhiis. Apart from thK* 
survival of the uredospores, which has already been referred to, Bolley as 
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well as Freeman and Johnson consider that cool weather is necessary for 
its development, while Cotton, Levine, Stakman and Lambert and Walster 
consider warm weather as conducive to the occurrence of this rust. 
Stakman and Levine give C. as most favourable for vigorous infeo 

tion. H-eald agrees with this and considers that the low temperatures oi 
1904, in some States of the U.S.A., were responsible for the outbreak of 
the Black F^ust in that year, such low temperatures retarding the crop 
and giving a chance lor the development of increased numbers of uredos- 
pores. r^eltier states that infection takes place under conditions unfavour¬ 
able for the development of the disease, the optimum temperature being 
20® C. f^r one strain tried and 25® C- for another. Infection also depends 
upon tFie stage at which the host has arrived; for, at the heading stage, 
infection takes place at a lower temperature than at other stages, Johnson 
recorded the germination of Stem Rust uredospores as being best between 
9® C. and 25® C., tlie optimum as indicated In the vigour of the germ-tut)e, 
being from 12® C. to 17® C. Quite recently Lambert has examined the 
weather relations to Stem Rust of Wheat by the historical method; and, 
although he considers that warm weather in the growing season (May to 
July) is correlated with destructive epidemics, he nevertheless cont:ludes that 
there is no evidence of any specific meteorological condition, or set of 
conditions, that alwavs accompanies epidemics in the spring wheat areas 
of the U.S.A. 

As to Yellow Rust of Wheat {Puccinia f^lumnru^n) Humphrey has stated 
that low temperatures are conducive to effective infection by this rust fungus. 
Hut it is peculiar that its uredospores, which are usually favoured by low 
and killed by high temp(‘ralures, should he able to germinate at 30®-35® C. 
More recently Mehta has tested the viability of the uredospores of Yellow 
Rust at high temperatures, and finds that for India, such spores have no 
chance of surviving the scorching heat of the summer months in the Indo- 
Gangetic Plain, where the shade temperature in several localities may 
occasionally reach 47® C. Mehta found that fresh uredospores of P. f^lunia- 
rum coll^cted in March and having then a 50 per cent, germination, suffer(‘d 
a gradual decline in germinating power from 40 per cent, at 30® C- to 
hardly 2 per cent, at 47® C. after three hours’ exposure. After eighteen 
hours’ exposure to 42® C., all viability w^as lost. Control uredospores, 
kept for eighteen hours at 28® C., showed over 30 per cent, germination. 

The Leaf Spot of Tomato, caused b) Septoria ].yc(fpcrsici, is a wtII- 
knowuT example of a w^arm w^eather disease. Th*itchard and I^orte were able 
to correlate high temperatures wuth its distribution. It is absent on the 
Pacific coast of North America and present only sparingly in the North 
Atlantic and Gulf States; but it is serious further south, in the Mid-Atlantic 
and Mid-Western States. This is occasioned bv the limited range of tem¬ 
peratures favourable to spore production, namely 15®-26® C., with an 
optimum at 25® C. The fungus itself also grows over a range of 12® to 

28® C. and F)est at 25® C- The kind of host growth that is particularly 

su.sceptible to infection, vi/., long, succulent shoots, is produced at higher 
temperatures (25® to 30® C.) than those at wOiich the maximum yield of 
fruit and a resistant type of shoot growth are produced. The existence 
of these two temperature ranges, namely 12®»-28® C. for the fungus, and 
25®-30® C. for the host should theoretically induce th<’ development of 

disease where they overlap, that is from 25® to 28® C. Actually this is 

the optimum range of temperature found by Pritchard and Porte for the 
maximum production of the disease. 

It was mentioned previously that the Potato Blight starts only at 
relatively cool temperatures. But after the disease has once made a start, 
warm weather is necessary for the development of an epidemic. On the 
other hand, really hot weather is inhibitive, and Blight is usuallv absent 
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irom localities where the mean temperature exceeds 25^ C. Smith considers 
that temperatures below 21^ to 23*5® C. are most favourable fon the spread 
of this disease, and his contention is rather supported by the growth-tem¬ 
peratures of the fungus in pure culture, which Jones gives as being 
optimum at I6®-19® C. Smith considered that a single hot, dry season 
may cJestory the tungus so eflectively, that several successive wet, cool years 
are needed to re-establish it. Spore production is checked at 25® C. and 
the mycelium is killed, even in the potato tubers, at temperatures ol 
30®-35® C. In spite ol this, however, Johnson stated that the disease pro¬ 
gressed very slowdy below 25® C. and was most active at from 25®-32® C., 
coming to a stop only at temperatures above 36® C. 

Air temperature allecls the progress of disease* chielh b) inliuencing 
(Ij the rate of growth of the fungus in the tissues of Iher host plant, and 
(2) the production of spores. With regard to the first ol these, the rale 
of growth may alTcct the incubation period directly. Peltier states that u 
low temperatures Puccinia gnuninis lies dormant in the tissues after infet'- 
lion, and the incubation period may extend over seven to nine weeks. 
Stakman noticed that uredospores of this fungus appeared in five to seven 
days alter iniection at 19®-21® C., but that they appeared one day later 
lor every 10® F. (5 ;;®C,), rise above, and for every 5® F. (2^*^ C*) fall 
below, this optimum. Mehta examined the influence of temperature on the 
length of the incubation period in various rusts in 1921 and 1922. He 
consistently obtained longer incubation periods with lower temperatures. 
For example, in one (experiment plants gave pustules on the thirteenth day 
at 16*‘^21 C. ; but corresponding plants in the open, at a mean temperatun 
of 1® C., did not give pustules till the thirty-sixth day. Mehta considers it 
probable that the mycelium does not lie wholly dormant but grows “by 
tits and starts” according to the: variation of the external conditions. 
While such observations indicate that the mycelium of Puccinin glumanuu 
and that of P. iriticina may thus be able to overwdnler as an extended 
“incubation period” yet experiments have aslo indicated that P-, gruruinis 
cannot do so unless the temperatures are very mild. Mehta ^also found 
that the incubation period is extended by higher temperatures. Yellow 
Rust developed in eighteen days at the higher lempernturois of August, but 
in nine days in June. 

Fromme has also noted this relation of temperature to the incubation 
period with Pitccitiia Coronifent, having observed a decrease of five days 
when the temperatures reached 20®-30® C. Hart found that higher tempera¬ 
tures diminished the incubation period, but he also found that very high 
temperatures extended it with Melampsora Lini on Flax. At 7®-i4® C. 
pustules appeared in fourteen days; at 16®-22® C. in ten days wdiile at 25®- 
30® C. fifteen days were required. Melhus lias noted that temperature affects 
the mycelium ol PhytophUiom itifestuns^ infection becoming visible in two to 
three days at 23®-27® C., but taking longer at lower temperatures. Keitl 
found that visible infection of the Apple by Scab (Venturiu inacqualis) took 
seventeen days at 8® C. but only eight day.s at 20® C. Melhus, while 
investigating the problem of the origin of epidemics arising from the 
planting of infected tubers, found that the extension of the Potato Blight 
fungus from the tubers into the growing shoots was favoured by a relatively 
high temperature (22® C.) but that it was inhibited by low temperatures 
from about 4®-6® C- Since it is still to some extent problematical as to 
how epidemics of Potato Blight really originate, this point is of interest, 
since it would indicate that if epidemics start from shoots infected with 
mycelium derived from infected tubers, the incidence of warm weather 
would facilitate the primary appearance of the fungus, while cold weather 
would check it* 
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Another relation of air temperature to disease may be mentioned, and 
that is the eilect on sporulation. Conidia of the parasite seem to be pro¬ 
duced, as a rule, at temperatures optimum for the existence ol the disease. 
For example, Tisdale and Beach slate that the conidia of Phylophthora 
Nicotianae and of P, Caciorum are formed at 20^^35^' C. and a little below 
20^ C., respecti^'el\^ at which temperatures the diseases they produce are 
at a maximum. 'J’hat temperature, more than moisture, affects the pro¬ 
duction of the conidia of Pseudoperutiospom Hiinimli on the Hop is indicated 
by Salmon and Ware, since tliey state that in spite of the dryness of the 
almospht're during" tJie hot weatlier of 1923, conidia w^erc found on hop 
loliage. v\gain, W'alker found that the conidia of ('(>l!ctotrichi4)u circinans 
(Onion Smudge) were produced at ternperalures of 20'‘'-28^’ C. in appreciable 
quantities, and these temperatures cover llie optimum for the disease 
(23*^-28'^ C.). Fawcett found that llie conidia oi Cludosporiuni Cih'i pro¬ 
duced abundantly only at tliose temperatures near the optimum for the 
disease (l{S'^-23‘" C.J, namely at 2F"-24-5^ C. 

The relation of temperature to plant disease may next be considered 
as it affects diseases contracted from the soil, riiis is much better 
known, since there are not so many variable factors to consider as 
with aerial diseases. There is practically no wind factor to consider, and 
the soil is slower to g’ain or lose heat than the air. Also, according* to the 
moisture conte.nt of the soil, lieat conservation varies, since water is even 
slower to gain or lose lieat than soil itself. Soil temperatures are more 
stable than atmospheric ones, and can rcasonabl\ be expected to remain 
near a mean tor a twenty-four hour period, thus rendering tin* meteorolo¬ 
gical data more reliable for use in phcnological work. 

One of llie principal effects ol soil temperature is upon the gennination 
of spores, iiilluencing as it does, both the percentage and the rale of germi¬ 
nation, In reg*ard to the rale of germination, (iilman hiund that th(‘ sport's 
of Fusariiim conglulinans (Cabbage Yellows) germinated in three hours at 
33*^ C., ip eight hours at 2H’* C., in twelve hours at 16^^ C.'., but noi even 
m seventywo hours at 8.‘^-12'‘' C. Sbapova)o\', with Acfuntniycrs scahi,\s 
(Common .Scab) on llic potato, lound that the spores gt'rminated in five 
hours at 30^ C,, in eight hours at 25^ C., in eleven hours at 20'"' C., and 
in eighteen hours at C., but required two days at 10'^' Ch 

A most noticeable cool weather disease is Ikiwdery Scab of the Potato, 
caused by Spongospora sufderrauca. It was particularly severe in Fngland 
in 1920, and that year was cold and wet; but it was almost absent in the 
hot, dry season of 1921. Hcald slates that in the cooler northern stales 
on the Canadian border favourable con(lition> are provided for the disease, 
but that infected tubers planted in the warmer slates (Massachusetts and 
Florida) yield absolutely clean crops. Ramsey states that in Maine (U.S.A.) 
the exceptionally liot and dry year of 1916 was very unfavourable for 
Powdery Scab. Experimentally he obtained 83 per cent, of .Scab at 14*^ C., 
but none at 17'2^ and 24*5® C. As far back as 1908, Massee recorded that 
the parasite passed from the amoeboid state into the active plasmodial 
state most markedly at lO'^ 19® C. On the other hand, while cool wxather 
is favourable, really cold weather is inhibitive to the parasite, a tempera¬ 
ture of 10® C. checking its active state and one of 0® C. resulting in its 
encystment. 

Wart Disease of the Potato, caused by Syucliytriiwr endohiolicurn, is 
favoured by cxx>l weather and it was prevalent in England during ihe cool 
year of 1920, but relatively dormant in the dry, liot year of 1921* Tt has 
been stated that infection does not occur above 22® C. but it has been shown 
by Esmarch and Weiss that infection may occur at 30® C. Esmarch found 
the optimum range for infection to he 15®-20® C. ; and since these tem¬ 
peratures existed in the soil from July to September, they explained the 
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maximum incidence of Wart Disease during that period. At these tem¬ 
peratures, too, the lung'us ilsell is most active; and while infection does 
occur at both lower and higher temperatures, it is scanty and retarded, 
corresponding with retarded zoospore emission Irom the sporangium. Weiss 
obtained inlection ol tubers when resting sporangia germinated between 
10^ and C. and w'lien summer sporangia germinated between 

0*6^ and C. Me also lound the maximum production ol disease to 
oc'cur between 15^^ and 20*^ C. 

1 he lungus that usually causes the Sleepy Disease of the Tomato in 
Ih'itain [Veyticillium tilho-airuuij is associated with cool wealher conditions, 
and lor this reason is ncjt serious in the United States. In England, it is at 
times serious in lomato houses. It appears in April and continues to the 
second 'W’eek in May, hut then disappears till September. 1'liis is because 
ol the inhibitive higher temperatures of June to August. Bewley found 
that by keeping the plants at temperatures above 24^ C. they were prevented 
Irom wilting ; and above 25"^ C. tlic fungus could not infect. At 12‘5^ C. 
the iungus grows very slowly up to the lomato steins, so that by keeping 
the plants a little below this temperature they escape infection. The 
minimum, oj)timuin and maximum temperatures for the lungus in pure 
culture are 4 4*^', and 30*“’ C., respectively, and those ot the disease 

are 12*^', 21‘D’ to 22‘8^\ and 25^ C. As the plants thrive best at tempera¬ 
tures between 24*^ and 29 5^ C. it is probable that the funguij is unable to 
cause infection, owing to resistance developed by llie plant above 24*^ C. 

Onion Smut, I'aused l)v I rocystis CepuUic, is epidemic in parts of the 
noj'thern States ol the U.S-A. but is absent in the southern states. Walker 
and Jones touncl that ( limatic differences accounted for this, the north being 
cool and the south warm. Onion seedlings appear above ground most 
rapidlv at temperatures of 27S-29^’ C., but infection does not occur after 
a certain stage in ilie host’s growth has been reached. This stage is when 
the cotyledon has reat:hed from 21 to 3 inches in iieight. Since increased 
temperature promotes rapid growth the susceptible period will shorter 
at a higher temperature than at a low one. But temperature ^Iso affects 
the germination of the chlamydospores of this fungus. Walker and 

Wellman found that these spovvs germinated at temperatures between 9*^ C. 
and 32^' C., with a maximim germination at 15*^ C. The same workers 
obtained maximum growth of the fungus between C. and 22*^ C., but 
none at 9^ C. or at 28^^ C. It is significant that infection occurs at 
lemperatures, of from 10'*^ C. to 29^^ C., being maximum at 19° to 24° C. 
Walker and Wellman conclude that while infection occurs at low tem¬ 
peratures it is not increased appreciably by higher temperatures. 

Attack, however, is more rapid and is correlated with better host and 
fungus grow'ih- Above 25° C. the fungus is retarded, while the host is 
stimulated, so that the susceptible period is rapidly passed. 

A large amount of work has been done on the. important disease of 
Wdieal known as Bunt and caused by Tilleiia curies, 'khe spores of this 

fungus germinate in the soil when conditions are suitable; and provided 

the wheat seedling has not passed a certain stage, infection results. 
The spores germinate at temperatures as low as 5° C. and as liigh 
as 25° C., the maximum germination being at 16° to 18° C. W'oolman 
and Humphrey in America found a more extended range of temperatures 
for germination of Bunt spores, namely Min. 0°-l°, Opt. 18°-20°, and 
Max. 25°-29T° C., but these are probably extreme, as the result of some 
unusual factor operating in the experiments of these particular workers. 
Hahne, in 1925, gave the following temperatures :—Min. 4°., Opt. 18° to 
20°, and Max. 36° C. Still later results by -Rablen, however, confirm 
Heusser's figures. The minimum, optimum and maximum for spore germi¬ 
nation according to Rabien are:—5°, 16^^ to 18°, and 20^ to 21° C-, but 
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the maximum was extended to 25^^ C. by the addition of an oxidising agent 
to the germination medium. The special feature regarding infection is that 
wheat will germinate at lower temperatures than Bunt spores will. Where 
this is climatically possible, tlie solution to the problem of escaping infection 
is to show at times when temperatures are very low. Heusser found that 
wheat grain germinated at 3^-4 5^ C. but the Bunt spores did not. Mime- 
rati also obtained no infection at 2^^-4'-' C. foi' the same reason. Gibs on 
the other hand, obtained infection at 4*-' C. ; but since the majority oi 
workers have not obtained infection below 5*^ C., this result cannot be 
taken too seriously. Muneraii found that grain that had germinated and 
grown at 2*^-4® C. was immune from infection, but that this temperature 
had to be maintained for five weeks to enable the wheat to pass through 
the susceptible stage unharmed. Grain grown for only twenty days at 
2*^-4*^ C. became infected when subjected to a temperature of 10 ^ 1 - 12 *^ C. 
for a further seven-day period. It is strange that Rabien obtained no 
infection when he kept seeds continuously at 10*^ C. It might be supposed 
that the w^hcat could not germinate quickly enough at that temperature to 
pass the susceptible stage, and that is the only explanation. This is 
supported by his further statement that two lots of grain kept at 10*^' C. 
for three to five days and then transferred to 20® to 22® C., developed 
0*7 per cent, and 6*3 per cent, of Bunt respectively ; seed kept at 19® C. 
for eight days and then raised to 20®-22® C. gave 40 per cent, of Bunt. 
Also, grain kept at 5® C. for nine days, developed only a trace of Runt ; 
but after a longer period, the percentage rose to 49* 1. This seems to show 
that wheat does not grow quickly enough to reach its resistant state, but 
that at low temperatures the Bunt spores germinate so slowly that they 
require a long time to infect. Further figures given by Heusser for the host 
growth seem to support this; the minimum, optimum and maximum for 
host growth are :—3®-4*5® 25® and 30® C. Laufert found that in South 
Russia wheat sown in August comes up in three to four days, i.e-, too 
quickly for infection to oc<'ur, as the spores do not germinate rapidl\ 
enough. |n (Germany, however, tcmfj«^ratures arc moderate (6®-10®C.), 
so that the spores and grain germinate together and infection is the' result. 
This, of course, is contrary to Rabien’s results at 10® C. 

So much for the minimum temperature for infection. For opiinunn 
infection, Hungerford and Gibs give 9®-12® C. and Gibs stales that at 
17® C. wheat, although susceptible, grows so quickly that the spores, them¬ 
selves most ac'tive, cannot infect. Paris states that the rale of w'heat 
growth does not afiect infection, since he obtained the greatest infection 
wdth plants that emerge first. As to the upper extreme, Woolman and 
Humphrey state that infection from .seed-borne spores does not take place 
wdien seed is sow'n at or above 20® C., but that infection from spores in 
the soil is still possible. This indicates that these authors considered that 
spores took too long to germinate, w^hen brought into favourable conditions 
at the same time as the wheat grains, to cause infection ; but that .spores, 
already in the soil wdth the right conditions, had germinated and were 
ready to infect wdien the wheat was sown. Butler slates that in India Bunt 
occurs in the North-West Provinces because the temperatures at sowing time 
are usually below^ 25® C., permitting both spore and grain to germinate. 
But it is absent in the east and south, w'here the relevant temperatures 
are above 25® C. at the time of sownng and do not permit spore germination. 
Munerati found that wiieat .sowm in seed-beds kept at 22®-25® C. for five 
weeks did not become infected. Grain sown and grown at 2® 4® C. for 
twenty days and then allowed to grow' for a further seven days at 10®-12® 
C. became infected; but if this seven-day period w^as passed at 22®-25® C., 
infection did not occur. Hungerford found that infection in controlled 
experiments resulted at temperatures up to 25®*-28® C., but at this limit it 
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was almost negligible. In America, farmers are said to escape Bunt in 
the Pacfic North-West by sowing their wheat either very earlv (warm, 
above 22^ C.) or very late (cold, below 5^ C.) 

As an example of a hot w’cather disease the ordinary Scab of Potato, 
caused by Actinomyces scabies^ may be taken, which was very prevalent in 
England during the hot, dry year ol 1921. I'here are indications, how¬ 
ever, that warm, rather than hot, years are most favourable, for Jones 
a/, state that the optimum temperature tor Scab development is about 
although in some trials it Avas 25*^ C- Further, the optimum 
temperature varied with the type ot infection; lor the highest percentage 
of scabbed tubers it was 23^^ 0. but for the highest percentag’e of total 
tuber surface scabbed it was 20*5^ C. These workers at Wisconsin also 

lound that at 11*^ and at 30‘5'^ C. scab was very' slight. 'They had pre¬ 

viously shown that the number of infections remains as large, above the 
rptinium temperature, as at that point, but that since tuber grow^tli was 
inhibited, the average size of the Scab lesions w’as reducetl. Sanford 
rriginally indicated a wider range for maximum infection, viz., from 14*-' 
to 22® C., but later he lound that, altliough no Scab usually occurred in 
the fi(0d below 12® C., yet it was not greatly influenced by temperatures 
between 12® and 25® C. Jones ct al. state that Scab is w^orse with more 
/apidly-grow ing tuliers and that the effect of temperaturi* on Scab is indi¬ 
rect, i.r., through its effei't on the host. Sanford, in stating that best 
tuber development occurred at 18® to 21® C-, confirms this, since Scab is 
1 ‘ertainly most pronounced at about 20® C. Although this host relation is 

stressed by Sanford and Jones, it is significant that a report on this 

disease Irom Ohio gives temperatures for the growth of the organism which 
:ilmost coincide with those most conducive to Scab. (Growth was verv slow 
below 50® 1-. (10® C. ), w as maximum at 65®-75® F. (18-24® C.) and reduced 
to nil at 80® F. (26'6® C'.). Compared with the Scab temperatures as 
given by Jones ct uL, namely, 11® C'., 20®-23® C., and 30*5® C. the agree¬ 
ment is fairly close. ^ 

'I'he Smuts of Sorghum, caused by Spliacclothccn Sof^glii and S'- 
i'f'itctdii, are also warm weather diseases, and Kulkarni has shown that llu' 
limes of sowing and llu* districts wdiere Sorghum is grown in India deter¬ 
mine the prevaleiK'e of these diseases. The monsoon crop, sown in June 
and July, experiences an average temperature of 21®-27® C., whit:h fulfils 
the optimum inf<‘ction condition ; while the winter crop, sowm in September 
and (October and experiencing a temperature of 32®-38® C., becomes much 
less infected, 'fhe si'arcity of these Smuts in the Indo-Crangetic plain is 
explained on this basis, the temperatures there at sowing time being about 
32®-38® C. Sorghum germinates most rapidly at high temperatures, taking 
one and a half days to do so at 37® C. ; at lower leinperatures it germinates 
slow'ly, taking tliree to four days at 20®-23® C. The spores ol these 
Smuts germinat(‘ most abundantly (90 per cent.) at 20®-23® C., but only 
1-2 per cent, germinate at 37® C. Infection succeeds at temperatures 
between 16® and 30® C. Kulkarni tested these observations by pot experi¬ 
ments. Seeds incubated al 40® C. for three days produced no Smut, 
but seeds incubated three days at 25® C. gave various amounts of Smut. 
In experimental plots distributed betwwn four experiment stations, infec¬ 
tions resulted only in those plots in which the temperatures at sowing time 
were below 36.® C. At Jacobabad, wnth a temperature range of 36®-40® C. 
at the sowing period, lio Smut was obtained. Reed and Farisj>btained 
similar results. These Smuts are warm weather diseases, since,"although 
the greatest degree of infection does not occur at the highest temperatures, 
vet the range of temperature for heavy infection reaches a fairly high level. 
Again, w^hether the conditions of infection may be called warm or cool 
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depends upon the locality. In India, Kulkarni calls vveaiher lavonrable to 
infection “cool,” but compared with a climate such as that ol hngfland, 
a temperature of 30’*' L . would not he called cool. 

MOISTURE 

That the incidence of plant diseases is correlated with the occurrence 
of wet and dry years had been recognised for a long lime beiore it was 
realised that this apparent relation could not easily be separated from 
temperature relations. For example, Potato Blight was practically absent 
in this country in the dry year of 1919; but was this due more to the absence 
of rain than to the extreme heat of the weather experienced ? It is impossi¬ 
ble to answer that (juestion otf-hand. I'he weather relations ol this one 
disease alone are Ux) complicated to permit of its incidence being explained 
on the basis of a single factor. Where it occurred, Psciuiopcronospora 
Huniuli on the Flop w’as serious in the wet seasons of 1922 and 1924, 
but practically negligible in the dry seasons of 1921 and 1923 Pnccinia 
^iuniariiiii] was absent in Cambridgeshire in 1921 also.'^ But unless the 
moisture relations ol those and other diseases are studied ovi*r a much 
longer period of years, or over a wider range of climates, in order to 
obtain data as to whether they also appear in hot wet years and in cool 
wet years, and thus eliminate temperature effect, it is impossible to correlate 
moisture with disease incidence. On the other hand, it is now' possible 
to carry out experimentally controlled rnoisture-ielalion tests, iu which 
other factors, such as temperalure, are kept constant. In this way, it 
has been possible to correlate definitely certain diseases with dry conditions 
and others with wet conditions. Of these, those occurring in the soil, 
t.e., in the underground parts of the plants, are b\ tar the most easilv 
studied. Diseases ol the sub-aerial parts, such as the cereal Rusts and 
Potato Blight, are as yet but impertectly understood as regards watej 
relations. 

As was shown with temperature, moisture has a relation to the over¬ 
wintering ()f the spores of fungi. Since more is known regarding this 
relation in respei t of soil fungi, these will be lonsidered lirst. Sonu* data 
are available concerning the overwintering of cereal Smut spares. 
Woolman and Humphrey found that Bunt spores (Tillctiit caries) overwinter 
successfully when still aggreg'ated in the lunn ol “butts,” As separated 
spores, how’ever, they lose their viability in one U) tw(i montlis in damp 
soil. When kept dry for twelve years they have remained viable, ifiingcr- 
ford also regards two to three months as the limit of viability for Bunt 
spores in damp soil, but he does not put a limit when they remain aggre¬ 
gated. He tested the leng-th of life of Bunt spores in soils naving dilleient 
moisture content, the spores being soAvn in wet and dry soil, respectively. 
One series was maintained wet throughout ihe whole period of the experi¬ 
ment, wdiile the other was moi.stened only at the time of .sowing the 
spores. Wheat grains were sow-n at intervals of a few days eath. The 
viability of the spores was measured by the resulting pLTcentage of 
smutted plants, (irain sown along with Bunt spores in wet soil gave 
30-35 per cent, smutted plants, drain sown one monlli after the addition 
of Bunt spores gave 2 per cent, smutted plants, where the soil was kept 
continuously moist during the month that elapsed after the addition of 
the Bunt spores and the sowing of the wheat. But wheat sown one month 
after the addition of Bunt spores to .soil that received no further water 
after the first day, developed no Bunt. Lastly, wheal sown along with 
Bunt spores in dry soil gave 19-28 per cent, smutted plants; but 

* At the Cambridi^e University Farm, P. glumarum h very late in appearing;} this 
(1929) season. It did not appear until June 4th, and had advanced very little bv June 
21st. This is attributed by Professor Biffen to the prolonged spell of dry weather which 
has been experienced since the beginning of this year. 
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sown one month subsequent to the spores, in soil kept continuously dry, 
it gave only 3-4i per cent, smutted plants. I’his indicates that under 
normal winter conditions, JUinl spores present in the soil from a previous 
season would not remain viable till the following spring, but would infect 
grain sown in the autumn On tlie other hand, according to Griffiths, 
the spores ot blag Sjiiut ol Wheat (Ut'oeystis I'ritici) can overwinter in 
the soil, even wlien previously watered. 

Soil moisture al^(3 has a very direct iiilluence on the evacuation of the 
resting sporangia ol llie potato Disease lungus, Sytickytriuni endo- 

bioticimi. Esmarch slates that evacuation is impeded by dry conditions, 
but greatly lavoured bv vvel seasons. I here are more empty Sporangia 
in spring and summer than in autumn and winter. Me also slates that 
oxygen is necessary lor this evacuation. Since excessive moisture would 
liring the oxygen content ol the soil down to a minimum, it w'ould be 
expected that these conditions would inliibii (wacuation ol the sporangia, 
hut Esmarch does not bring cividence to support any such conclusion. Miss 
(ilynne’s experiments also su].>port Esmarch’s results, as ini'eclion was not 
obtained in dry soil, while various degrees of infection were obtained in 
wet soil. 'I'he swarm-spores of this lungus, of course, require whaler in 
which to swim in order to reach the place ol infection. Should the soil 
dry out before infection has taken place, the swarm-spores die. 

As to the coniK'clion between moisture and oxygen supply, two good 
examples can he gi\('n. Whth ordinary Scab of Et)iaio, caused by Aciiuo- 
tnyccs scabies, soil water is necessary only in viny small quantities, the 
disease being a dry soil one. A so-iralled dry soil usually has just enough 
moisture to allow spore germination and activity of the pathogen; hut wet, 
or at any rate, excessively wet soil as contrasted with merely moist soil, 
is very inhibilive to this pathogen. Sanford has shown that tin's is because 
oxyge-ii is necessary ior geiinination of the spores. I'he same relation has 
been found with the i^oose Smut of Oats, Ustilago Aveaue, Miss Jones 
found that as the soil moisture im:reased, especially from 60 pe,^' cent, to 
80 per cent- ol the water-liolding capacity of the soil, the penen^^age germi¬ 
nation of the spores of this Smut proporliunalely decreased. In the com¬ 
plete absence of oxygen, germination did not occur, thus coiilirming the 
moistuI'c-oxygen re 1 ation. 

W’^ith the Powdery Scab of Potato {Spongospora siibierninea)^ all agree 
that the disease j^ severe in wet seasons only. Ayoutanlis stales that, in 
Algeria, this disease occurred as an epidemic in 1922, when an unusually 
heavw rainfall gave the necessary conditions for its development. Nor¬ 
mally, the conditions in Algeria are too dry for this Scab to appear. Ramsey 
( becked liis field observations by controlled glass-house experiments, grow¬ 
ing potatoes in pots kept dry, moist and wet, respectively. He obtained 
no Scab in the dry pots, but 83 per cent, of Scab in the two other series. 
Even if the low "moisture content of the dry soil is sufficient for spore 
germination, it is evidently not sufficient for infection. That Pow'dery Scab 
occurs in soils kept very wet is explainable only on the supposition that 
oxygen has no influence on spore germination or infection. Infection 
of potatoes with Wart Disease occurs only with a high soil-water content. 
But whereas germination of the resting-sporangia does not lake place unless 
the soil is saturated at .stmie time, infection is repressed if the soil is kept 
constantly saturated. VXT'iss considers periodic flcxxling and drying most 
suitable for infection, 'Fhat a saturated soil is best, at some period at 
least is explained by the fact that the swarm-spores need water to migrate 
through the soil to the new crop of tubers. 

With Ophioholus graniinis, causing Take-All of Wheat, a similar 
relation of high soil moisture to infection holds goods. Here, however, 
the interacting factors are better known. This disease has been reported 



364 


b) some as serious in dry seasons, by others in wet seasons; but as 
McKinney and Davis pointed out, these reports dealt with the after-effects 
of certain types of weather upon the host plant, and not upon the actual 
infection process. Wet weather, by causing the plant to develop new 
roots, defeats the ravages of the fungus from a practical point of view; 
but the inability of the plant to produce roots in dry w^eather merely allows 
the fungus an equal chance of root destruction. The dry weather, which 
proved fatal to the plants, followed a period of wet weather that had 
favoured infection. In their experimental work McKinney and Davis 
obtained less infection at low moisture content than at high; but whereas 
the differ<ence w^as large at high temperatures, it was small at low ones. 
J'his indicates that a certain quantity of moisture, which may be considerably 
below that required for infection, is necessary for the expulsion of the spores 
of this fungus from its perithecia, or for the germination of spores when 
liberated. 

The disease most widely known as a dry soil disease is the ordinary 
Scab of the Potato, [Actinomyces scabies). Martin, in America, gives data 
covering three years in which the rainfall varied considerably, and during 
which varying amounts of Scab resulted. While the temperature was 
approximately the same for the three years 1920 to 1922, rainfall was lowest 
in 1921, and for the period June and July was almost lialf that in the same 
periods in 1920 and 1922. Correlated with this was almost 100 per cent, 
of Scab in 1921 and 76 per cent, of Scab in the wettest season of 1920. 
In control experiments Martin reduced the surface scabbing from 41 per 
cent., at 30 per cent, soil moisture content, to 2 6 per cent. Scab at 60 per 
cent. Sanford’s results, while in agreement with those of Martin, showed 
that moisture was of influence during the early stages of growth only. If, 
during this period, the tubers are kept under nearly saturated conditions 
they do not become infected, even if the soil becomes dr\ afterwards. 
Probably there is enough water present in dry soil to allow growth ol the 
organism,and infection; but with high soil moisture content the tuber must 
be affected<in such a way that infection becomes impossible, because much 
moisture is favourable to the growth of the parasite. It has been stated 
that the most abundant development of Scab was obtained in light “well- 
drained,” alakaline soil, with a “good supph of moisture.” Under such 
apparently contradictory conditions it is difficult to ('onclude definitely what 
may be the decisive factor inducing the disease apart perhaps from the 
/>H value of the soil. At low soil moisture content, growtli of the organism 
is reduced, infection is at a maximum, and the plant not very susceptible. 
At medium moisture content, both plant and organism grow normally and 
infection is reduced; while at high moisture content inflection is inhibited 
but the plant made most susceptible. This last condition seems to point 
to the fact that the fungus is inhibited also, since the plant is susceptible, 
and plant growth is reduced at low moisture content only because of lack 
of water. It is rather remarkable that both oxygen content and 
infection are maximum at low moisture content, while the former is at a 
minimum, and the later inhibited at high moisture content. It thus 
seems that moisture relations are important only in so far as oxygen supply 
is affected. 

It is commonly stated that if Bunt is to be avoided it is better to sow 
wheat in a dry seed-bed than after rain. In confirmation of this Hungerford 
and Wade obtained only a small amount of Bunt in fields sown under dry 
conditions, but in fields sown soon after rain, 30 per cent, of Bunt appeared. 
A contrary statement is made by McAlpine concerning Flag Smut of Wheat, 
caused by Urocystis TriticL He states that far more infection results if 
wheat is sown in dry soil than if it is sown subsequent to rain. 
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These cases may be analysed and thus further light thrown on the 
problem. There are four different effects when wheat grains and Bunt 
spores are sown in a dry seed-bed. Firstly, the dryness may prevent both 
spores and grain from germinating; secondly, it may allow the spores to 
germinate and not the grain ; thirdly, it may allow the grain to germinate 
and not the spores; lastly, it may allow both to germinate. The last may at 
once be dismissed since infection would result, and this does not happen in 
dry soil if no rain occurs- With Flag Smut of Wheat, McAlpine considers 
that the first relation holds, both grain and spores germinating only when 
rain comes. He obtained 14 per cent. Smut in dry soil. He placed Bunt 
in the second category, as he considered that the spores germinated in dry 
soil but not the grain, the latter doing so when rain t‘ame, by which lime the 
spores had germinated and had died. Kulkarni places the Smuts of 
Sorghum {Spluiceloiheca S(trfr]u and .S’, creunta) in the second category 
for the same reason. Many other workers, however, place Bunt in the 
third category, the grain g(‘rniinating in dry soil and passing through 
thi' susceptible* stage before rain occurs enabling the* spores to germinate. 
Mackie states that Bunt spores need 14 per cent, soil moisture in order to 
germinate. I hat Bunt spon*s should germinate in drv soil is not in good 
i'onsonance with the* fa('t that such spoies may remain viable in the se^il 
for years. It is miuh mo?e natural that t1u‘y should not germinate* in dry 
soil, and that Mackic’s statenn*nt that 14 pe‘r e'cnt. moisture is needed is 
rorre'e‘1. Pre)vidt‘d that the* host plant has germinated, and is still in the 
susceptible* stage, and that the spe>res are able* to infect, the que.stie)n is 
whether there* is any relation belwe^t'n the elegree of infection anel the amount 
of water present, alxne the minimum. 

It has been found th.at there arc* two type\s of correlation; first, infection 
increases with in('rf*ase of moisture, and .see'ond, infection decreases with 
increase of moisture. Bunt e)f Wheat and the Smuts of Sorghum belong 
to the first type. W’ith the latter Kulkarni found that below 5 per 
rent, of mc^istiire, infection did not cxcnir, but it started wuth 7*5 per cent, 
of moisture, and incTc*ased in proportion with the increase of moisHire up to 
20 p<*r cent. Hung<*rford and W ade did not obtain .any Bunt below^ 15 per 
cent, of moisture, hut it increasc*d from 7 per ca*nl. at 15 per <‘c*nt. of 
moisture* to 02 p(*r cx*nt. at 36 per c'ent. in one series, and from 25 per 
cent, at 17 per cent, of moisture to 100 per cent, at 38 per cent, in another 
series of expc*riments. Hungerford. in a later paper on c'ombined tempera¬ 
ture and moisture* relations of this fungus, found that at low temperatures 
Bunt increased with increase of moisture, but that at higher temperatures 
it decreased with the* inta-ease of moisture. Since* temperatures are rarely 
so high as 17^' to 2.S® C at the time of sowing w^heat, however, one may 
practically sav that an increase of moisture inc'rea.ses the perc'cntage of 
Bunt. Faris also found that increase of moisture increased the attack of 
Bunt, although he used spores of Tillciiu Icvis. It is of interest, though, 
that Rabien as recently as 1927, reex^rded some experiments on the adverse 
influence of high moisture on Bunt incidence. W heat in dry soil gave* 22 3 
per exmt. of Bunt, that in normally moist soil gave 55*3 per cent., w^hile 
that in very moist soil gave only 10*7 per cent. Rabien attributes the 
reduction of Bunt at very high moisture content both to the rapid germi¬ 
nation of the wheat grains and to the retardation of spore germination bv 
the consequent reduction of the oxygen supply. Gibs’ observations 
support the contention that Bunt should he plac'cd in the second typo 

referred to above, ♦ 

In spite of Hungcrford’s conclusions regarding these relations, he 

records two experiments, amongst many others, in which the data support 
Gibs and Rabien. At the most favourable temperatures of 9®-12<^ C., 
w^hich, it must be noted, are ‘Mow/’ he obtained a reduction from a high 
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infection of 90 per cent, at 22 per cent, moisture to a low infection of 19 
per c'eiit. at the higher moisture content of 32 per cent. At the still favour¬ 
able temperatures of 17^'^-25® C., a reduction from 21 per cent, infection at 
18 per cent, moisture to no infection at 32 per cent, moisture took place. 
With other fungi of the same, c'lass^ similar results have been recorded by 
many workers. Reed atul Faris and Kulkarni obtained higher infections 
at lower moistures with Sphaceloiltcca Sor^^hi and S. cruenta, Christensen 
found the same with Sorosponttni reilianitni, the cause of Head Smut of 
Sorghum, Bartholomew and Jones, and Reed and Faris obtained higher 
infection at low moisture with l^onsc Smut of Oats. 

There is a further relation between soil moisture and the progress and 
intensity of a disease. This is nt)t always separahk* from the infection 
relfition^ and has not received so much attention. A few examples may be 
given. Soil moistur<* alVects the length of the incubation period. This is 
rarely examined, as it is very dilhcult to determine when the first signs of 
disease appear in the case of soil diseases. Clayton found that the 
incubation period of 'romato Wilt <‘aused by Fnsarinnt Lvcopersici, varies 
according to hotli temperature and moisture. Here it suffices to state that 
with 14 per cent, of moisture the. period was thirty-five days, with 18 per 
cent, moisture it was twentv-six davs and with 24-32 per cent, moisture 
only nineteen to twenty days. 'This is prol)al)lv bccaus(‘ the greater amount 
of moisture providt*s more id('al conditions for the gianvth of the fungus, 
and it agrees well with the statement that the most vigorous plants are 
most attacked. 

Moisture ('an influeni't* the optimum production of disease bv reat'ting 
on the host. In Crown Gall, caused by Pseudonwnas funiaejaciens, Riker 
states that the largest galls are produced at 60 per cent, moisture, and 
their formation is nartly <'orrelat(‘d with the !>est plant jrrowth (at 80 per 
cent, moisture). With Plasmodiophora Brassicae, whicrh causes Clubroot 
of Crucifers, Monteith fotind tlie largest malformations associated with the 
largest and most vigorous plants, both induced hv high moisture. He also 
found tha^. old and non-vigorous plants \yere not attacked. These two cases 
can be expK'iin(*d by the reaction of the host (‘ells to the supply of moisture. 
In spite of stimulation due lo the presence of the respci tivc parasites, the 
cells could not make abnormal growth if the moisture supply was limited, 
but they could do so when this was normal. 

Another instance of the influence of moisture upon tlu* intensity of a 
disease is afforded by Cabbage Yellows, caused by Fusariuni confrlutinans, 
Tisdale found that this disease develops most rapidly at lower moistures 
(19 per cent.), falling off at 26-28 per cent, moisture; he also found that 
the host plants grew best at 19 p'T cent, of moisture and less at higher 
moistures. Tims noted that vig-orous plants arc most subject to the 
disease, and states that plants grown under poor conditions, such as low 
light intensity and low moisture, will remain for wee*ks with a low percen¬ 
tage of disease, gr(3wing slowly and with thi('kcned tissues. Resistant 
plants which, under normal moisture conditions carry on as if uninfected, are 
often in fact infec'ted; but the fungus is unable to prevail in vigorous plants 
of a resistant strain. If the moisture content is lowered, however, the 
plants lose their vigour and the fungus progresses up the plant at once 
arid causes wilt. Siu’h plants will recover if a snpplv of moisture, adequate 
for vigorous plant growth, again be<'omes available. Hie amount of soil 
moisture probably has some influeiK'e on aerial diseases. Howard states 
that wheat sown in pots under ('onditions of g^ood soil aeration had much 
less Black Rust (Piicduia fframiriis) than those in the field with inadeouate 
aeration. It is mon* likelv that an effect of this kind as to do with atmos¬ 
pheric humidity in the midst of the crop; but this will be discussed in the 
next section. 
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Stakman wheat under low and high soil moisture conditions and 

oblained less infection with low soil moisture. Howard states that flax 
with deep and abundant roots, when gfrown in an alluvial soil with good 
moisture supply^ was heavily attacked by Mchnyipsoiui while flax with 

shalh roots was free from the rust. Evidently, the shallow roots were 
able to supply enoiigli wat(M' lor good growth, l)ut not (‘noiigh to supply 
the demands ol th(‘, parasite or to make tin* tissues susceptible. I'his 
investigator found a similar result with siig'ar (Vine; this host was attacked 
by Colletoinchui]i jalcdhon on stiiV, blaek soils ((‘xi'css water), but was 
very free from the disease in open porous soils. Smith, in discussing the 
Rust of Asparagus {Puccinia As punt gi) in California, states that in dry 
soils, and in drv seasons, asparagus becomes infected by the ufedospores 
ot this fungus in the summer, and from the teleutospores in the autumn. 
In wet se.asons, howt'xa'r, it bcc'omes infected from the teleutospores only, 
in the aulumn. H(* i‘\plains this hy the adverse (dfecM of the lack of soil 
moisture on tlic’ plant, whic h causes it to be more susc'eptihle to the fungus, 
'riie latter obtains emough moistun* in drv si‘asons to enable it to infect 
the host plant, but in wet s«‘.'isons the fungus is not invigorated in propor¬ 
tion, although 1h<‘ host plant is greatly inxigorated and siuxeeds in 
thwarting the atltaripts of the fungus to cause infection. I'he teleutospores 
appeared on the plants in the aiitunifi because' the plants had then matured 
and lost thc'ir vigour. 

Another instance* is alforded by ♦^he Wheat Mildew Erysi^hc graminis, 
'I'his is slated by Rivera, in Italy, to be particuarlv severe when the soil 
dries out, causing the wheat plant to become more susceptible by the 
rc'sulting lessening of turgesc'ence. The Mildew is partieularlv prevalent 
on plants in ric h soils, where root development is relalivc'lv restricted, and 
they would naturally suffer from shortage, of water or from (‘xc'essive trans¬ 
piration. h'rofume and Murray state that soil rnoislurc*, as influenced by 
rainfall, goxerns the seriousness of the Angular Leaf Spot of Tobacco, 
('aused bv Buch’ritnti Atigulafum. W’ith high soil moisture, the resistance 
of the plant bcc'omcs reduc'ed and infection is increased in propo.Hion. 

ATMOSPHERIC HUMIDITY AND PRECIPITATION 

1'hese factcu's were for a long time neglected, hut latc-lv much study 
has been devolc'd to them- At the* outset it must be rc'alised that the 
('fleet of ntmosplieric humidity is largelv bouufi up with other factors, such 
as temperature, light, wiful, rainfall, crof) density, c'louds and the physical 
nature of the soil, 'fhe intc'raction of all these fac'tors on the phvsiology 
and metabolism of the plant is too compk'x for discussion her<', and the 
various (‘xplanaticats that have been giviMi of tlie inridence of disease as 
infliH'nced bv ahnospherir humidity ('annot be dealt with in anv detail. It 
must suflice for present purposes to ( all attention to the exlstenc'e of relations 
between humidity and disease, and explanations must await the securing 
of more data. 

Passing over the obvious ways in which atmospheric humidity or its 
absence mav influence the hardness or softness of tissues, their turgescence, 
and so on, it can be shown thru siis('eptihi1itv to disease mav be related to 
the eflect of humiditv on stomatal mox^ement. Pool and McKriv demons¬ 
trated this xvith the. Leaf Spot of Beet, caused bv Crvcosporu hcficolu, in 
xvhich infection can take place only througdi the stomata. High humidity 
favours their opening, but low humidity favours closure, the degrees thus 
enabling infection or pnwenting it. 

There is also some evidence that humiditv aflVcts the survival of fungus 
spores, such as certain conidia and some Rust spores. Hart for example, 
found that the uredospores of Afelunipsora JJni (Flax Rust) remain viabk 
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longer at relative humidities of about 60 per cent, than at lower ones, and 
their viability is reduced at very high and very low humidities. Spaulding 
and (iravatt found that the sporidia of Cronartium rihicola require a moist 
atmosphere in order to remain viable long enough to cause infection, apart 
from their need of dew or rain for germination and infection. They survived 
for twenty-six hours at 70 per cent, humidity, but rapidly lost their viability 
in drier air. 

The literature concerning the germination of fungus spores is far too 
voluminous to review here. All of the many kinds of spores need different 
degrees of humidity and water-films. The conidia of the Peronosporales, 
for example, are dependent upon the presence of actual water-films on th(‘ 
foliage, since the swarm spores an‘ capable of causing infection only after 
a period of swimming in a water-film. Doran reviewed the literature of this 
problem in 1922. Patel show^ed that the conidia of Peroiiospora Trifidiorimi 
would not germinate on dry slides in a saturated atmospheM'e, but did so 
in a film of water. Melhus showed that the samt‘ was true for those of 
Phyiophtliora infestans . 

W’ith regard to Rust spores, most investigators liavc found that uredos- 
pores germinate only in liquid water, and not in saturated air. Teleutospores 
such as those of Cromniium rihicohi also need water; ac'cidiospon^s also, 
such as those of Melanipsorn Lini ; further, sporidia, such as those of 
Puccinia ^niniinis require waiter. Although Fromme states that very high 
humidity was necessary for the germination of the uredospores of Pnrvi}i{ii 
coroniferdy he obtained only 6 per cent, infection as a result of 93 per cent, 
humidity, and this is quite at variance with Durreirs statement that the 
almost identical rust, P. coronata, depends on at'tual water for germination. 
'Pwo other exceptional results in regard to germination ar(‘ those of Smith, 
who obtained 54 per cent, germination wnth the uredospores of Piicciiifa 
Sorg^hi in moist air at 100 per cent, humidity, and those of 1'auhenhaus 
who obtained germination of the teleutospores of Puccinia malvacearunj 
in moist air also. 

There i^s also a correlation hetwt*en pr<‘cipilalion and relative atmos¬ 
pheric humidity and the expulsion of spores from tlie fructifi('ations of man\ 
fungi, The pycnospores of Kndothia parasitica (th(‘ Chestnut Blight 
fungus) are stated by Heald and Ciardner and bv Sludhalter and Heald 
to be ejected both during and after rain. Smilely shcnved that fungi, other 
than members of the Ascomycetes, discharge their pycnospores during rain, 
e.g., Phyllo.sticta Anfirrhini. Although ascospores are also discharged 
during rain, the conditions of the air very soon after the cessation of 
rain influences the ('ontinuance of the expulsion. For example, Heald atid 
Walton found that the ascospores of Endollna parasitica are dependent 
not only on the soaking of the pcrithecia by rain for expulsion, but also on 
the relative humidity of the air when the rain stops. Unless the humidity 
remains very high, expulsion cea.ses, and it diminishes in proportion to the 
rate of fall of the relative humidity. The length of a period of drv con¬ 
ditions, too, influences the (‘apability of perithecia dist'harge their ascos¬ 
pores, as for example in Endothia parasitica. With this fungus, Heald 
and Studhalter found that the longer the perithecia w^ere exposed to desicca¬ 
tion, the less able they w'erc to liberate their ascospores wdien favourable 
conditions of moisture, returned. The longer this period of desiccation, 
the longer w'^as the interval betw^een the onset of favourable conditions and 
the resulting first expulsion. If this desiccation period w^ere, indefinitely 
prolonged, a point would ultimately be reached at which the return of 
favourable moisture conditions would no longer cause reaction. This 
follows because, on the average, the necessary length of period of condi¬ 
tions favourable for expulsion wmuld he less than that ♦^equired by the delay 
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caused by the extended desiccation period. The above writers state that 
this absolute inhibitive desiccation period is about three months The 
desiccation does not affect the power of the spores to germinate, but 
merely influences their expulsion. 

In the apple Scab fungus, Venturia maequalis, the discharge of the 
ascospores from the perithecia depends upon rain. Keitt and Jones state 
that the presence of dew is not enough, but that the ejection of ascospores 
was always traced to the beginning of rainfall. They further stale that it 
is impossible at present to be sure that the spores cannot germinate without 
liquid water, since the methods of experimentation under conditions* of high 
humidity do not preclude the possibility of the presence of minute quantities 
of liquid water. Both Aderhold and Wiltshire stated that the germination 
of those spores did not take place in a saturated atmosphere. 

Whether infection will take place or not also depends on how long 
moisture remains on foliage. Peltier and Frederich state that the Citrus 
Scab fungus, Cladosporium Citri, needs water on the foliage for a consi¬ 
derable time before infection takes place, infection being a matter of hours 
and not minutes. Keitt and Jones showed that the wetting of apple 
foliag^e, required for infection by Venturia inacqualiSy must be extended 
and continuous, and the period varies with the temperature, viz., at 6^ C., 
thirteen to eighteen hours; at 9® C., nine to eleven hours; ‘ at C., 
eight and a half hours; at 20^-24^'* (\, four to six hours; and at 26*^ C., 
eight to ten hours. Discontinuous wetting, nevertheless, seems to be an 
advantage, since the germ-tube in the dry period has an opportunity to 
adhere to the surfac'c of the leaf bv the formation of an appressorium. 
Hart states that for the infection of flax hv Melampsora Lini abundant 
moisture is of no use if it does not remain for more than one and a half 
hours. On the other hand, a small amount of water is sufficient for slight 
infection, provided it lasts for three hours; but for the occurrence of severe 
infertion, over twenty-four hours are needed. Tebon and Young Rbseiwed 
that Puccinia f^ra minis appeared on wheat more or less consistently V'hen- 
ever a certain amount of rain oc'curred from five to seven days prior to the 
first symptoms. 

The period during which rain occurs also varies in its effects. Morehmd 
found tliat in India the amount of rainfall at seeding time is not related to 
attack of cereals by Rust, Of records at three places, Rusts followed in 
seasons following wet Octobers in seven instances, but they followed dry 
Octobers in six other cases. He found, however, that rainfall in Januarv and 
February was related to Rust infection, since it influenced the stale of 
atmospheric humidity. High rainfall and cloudy weather were conducive 
to high humidity, and whenever this combination occurred Rust followed. 
Beauverie states that Puccinia glumarum is a Rust of early host growth 
combined with wetness; P. f^raminis a Rust of wet seasons but appearing 
hate in the season, and P. frificina a Rust of dry years, tending to appear 

towards the latter part of the season. Later, he discussed the occurrence 

of a violent epidemic of P. frlumarum in 1923 In Auvergne (France). That 
year was abnormally wet in the season (three inches of rain fell in April as 
against the normal two inches) but later became dry, about the time of ear 
formation. Early in that year the high rainfall and high temperature 

caused precocious growth, and this was the condition most suitable for 

attack by P. ghnnarum. His observations are supportwl by Foex, who, 
however, is reticent in drawing definite conclusions. 

Concerning the humidity factor very definite indications have been 
obtained by Stoughton with the Angular Leaf-Spot disease of Cotton, 
caused by Bacterium malvacerum. Infection was only slight at the high 
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temperature of 32*^ C» with over 80 per cent, relative humidity, but with 
the same humidity at 24^«-28*^ C. moderate to heavy infection resulted. 
Moreover, with a lower humidity of 70 per cent., even at the same favour¬ 
able temperatures of 24S-28*^ C., infection did not occur. Here there is 
no doubt about the influence of humidity. Roussakov as well as Pool 
and McKay consider that rain in the open field helps to increase the 
humidity amongst the crop plants, this being higher than in a dry season 
when the soil dries out. But the former writer goes further and discusses 
the time of occurrence of the rain, stating that rain in the daytime does 
not conserve humidity but lowers it, therefore increasing the effect of rain 
during the night which doeis not lower humidity. Both he and Pool and 
McKay observe that the atmospheric humidity prevailing in the midst of 
the crop plants is different from that in the open air at about five feet above 
the crop. It varies not on)y in th's way but also wdthin the crop itself, 
usually being greater near the soil and decreasing with ascent 
above soil level. Similarly, the density of stand of the crop affects 
the humidity and thereby tht* intensity of disease. Butler noted 
that Yellow and Browm Rusts were severe in the middle of a wheat 
crop at Pusa, India, where the crop w^as dense, but the*!re w^as no Rust 
on the borders of the same crop where the stand was much less dense. 
The humidity was 20 per cent, higher in the dense part of the crop than 
on its borders. This is in agreement wdth Moreland, who recorded bad 
Rust attacks in three years of over 80 per cent, humidity, some Rust in 
one year with 79‘S per cent, humidity (all four records h(‘ing at Allahabad, 
India), but no Rust below' 67 per cent, humidity at Jhansi. 

It is peculiar that the Mildew Erysiphe graniinis should be able to 
i:ause infection at relatively medium humidities, 75-80 per cent., as found 
by Fromme, but Butler states that the allied fungus, Erysiphe Poly from, 
causing Pea Mildew, is more prevalent in India in dry years; ii may be 
that these Powdery Mildew^s have a considerable power of adaptation to 
varying conditions. In any case,* sufficient data are not at hand to 
correlate any one, or a series of conditions, w ith incidence of these Mildew^s. 
Rivera has put forward a theory concerning the alteration of conditions 
causing respectively turgescence and wilt. These he considers sufficient 
to explain the incidence of Pow'dery Mildews, but at presemt not enough 
data are available to establish his contention. 

Butler has pointed out the relation of dew’ to several diseases, the 
most important of which is the Potato Blight. In India the disease is 
endemic only at from four to seven thousand feet above sea level, and it is 
normally absent from the plains. 1'his is bound up wulh temperature con¬ 
ditions and the resulting deposition of dew. In 1912 ‘‘seed’* was brought 
from these altitudes to the plains rather late, and as the temperature was 
unusually low, and fogs and dews also occurred in December, the result 
was a Blight epidemic in January, 1913. His observations are supported 
by those of Reed in America, who states that, in Virginia, Blight is absent 
below two thousand feet, but gets more and more severe the higher the crop 
lies above that height. This is because the more highly situated the crop 
the cooler the nights (and also ihe greater the difference between day and 
night temperatures), and therefore the more copious the deposition of dew. 
The Die-Back disease of Chillies (Vermicularia Capsid) in India, studied 
by Dastur, is also dependent upon dew, and Dastur states that the humidity 
necessary at the flowering time is above 80 per cent. Whenever the 
humidity falls below this point in September, the disease does not appear. 
As the season advances beyond November, the disease disappears, because 
the lowering of the day temperature prevents the deposition of dew at 
night. Massee suggested that whenever infection was proved to taike place 
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only at night, this was because dew is deposited only at night. He tested 
this by tying healthy Marrow plant leaves in paper bags, six being left 
exposed and six protected in the bags during the day, while at night the 
('onditions were reversed, those protected during the day being exposed 
during the night. Only those leaves exposed at night became infected by 
spores of Spliaerotheca Hunitdi. He suggested that in addition to the 
presence <>t film of moisture on the leaf at night, the cells of the leaf were 
fully distendc*d with licjuid (because of retarded transpiratii^n) and contained 
more sugars then than during the day, thereby offering ideal conditions for 
in fee't ion. 

LIGHT 

Light, being essential to the normal metabolism of all green plants, 
must indirectly be connected with the occurrence of parasitic diseases. Anv 
factors that tend to alter in any degree the normal light relations of a 
plant, must tend either to predispose the plant to attack by disease or to 
confcM' n*sistaiK'e. Two important ways in which light atfec'ts plants are 
in phcnosynthetic' process, and in transpiration. Light may also be related 
directly to the disease producing organism. Most bacteria an* killed by 
intense* light and cx’rtain fungus spores may be* killed hv strong sunlight. 
Hart states that infection of fiax bv Melampsora Lini is independent of 
light but Slakman found some reduction of infec'tion of wdieal bv Pnccinin 
f^ramviis with greater light intensity. Light has pi'ohablv an important 
influence on the production of c'crtain fung*us friictificaticms. Hammarlnnd 
states that ligdit is essential for conidial production in several species 
of Erysiphi\ Davis with Ophiolohns fj^raniinia, the Take-All disease 
of wheat, says that lig-ht favours perithecal formation, while Coons states 
that light is absolutely essential for pycnidial formation in Plcnodonins 
Hart found that the pustules of Mclampsorn TJ}ii on flax 
appeared most rapidly wh(‘n light was continuous, but that the incubation 
period was lengthened by alternating light and darknc'ss. In sc»ne cases 
light mav increase the* temperature of plants. Stevens has shown*the tempe¬ 
rature of plant tissues to be several degrees higher in sunliirht than when 
shaded- Leaves shade stems to some degree, and stevens found that the 
temperature of ('crtain Blackberry canes, shaded by I(‘aves, was C.. 

while that of the unshaded canes was 31 C., the*, air temperature in 

the shade* in the experiment b<‘ing C. 'Phe stems of some plants, 

such as potatoes, are much more shaded than those of others, e.g., hlac'k- 
h(*rry canes, and this feature is of importance when using* field data. 

It is an interesting fact that alternating clear and clouded skies produce 
a higher temperature on (exposed plant tissues than a continuously clear 
skv, the reflection from the clouds causing the difference. In connection 
with this shade factor, tw'o or three di.seases may he mentioned. With 
“Yellows” Shapovalov and Btwher found that tomatoes artificially shaded 
were less infected, that the incubation period was lengthened, and that 
the plants grew away from the disease even though previously infected, 
as compared with non-shad-ed plants. It w-as supposed that shading lo\vered 
the rate of transpiration. Trelease and Trelease, working with wheat 
mildew {Ervsiphe graminis), found that inten.se light prevented the disease, 
while shading the plants allowed heavy infection to occur. This disease is 
rardy found in the open fields in the United States, and Butler states that 
in India the Mildew^ has been seen causing serious damage onlv in half* 
shaded plants. Trelease and Trelease ascribed the prevention of Mildew^ 
by strong sunlight to a direct inhibition of the fungus or to the greater 
evaporation and consemient drying of its conidia and myc>eruim. But thev 
did not record any experiments in which direct sunlight was still allowed 
to fall on the leaves, under conditions where high humidity, in spite of 
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high temperature, was possible all the time* With Fusarium Wilt of the 
Potato (F. oxysporum)y Haskell found that the disease was almost absent 
where the crop was shaded by an elm tree. Bewley notes that by shading 
tomato plants the temperature is lowered. But whereas the lower tem¬ 
perature is more favourable for the Wilt fungus (Verticilliimi alho-atrum)y 
generally prevalent in English glasshouses, the host plant does not wilt 
because of lowered transpiration. It is also likely that Haskell’s disease 
also entails reducing wilting rather than actual inbitition of the parasite. 

There is a more definite relation between light and infection, and that is 
in conneO:tion with the deposition of dew. It is stated that certain diseases 
are prevented by shading off the heat rays of the sun, thus preventing dew' 
deposition. The diseases in question are Asparagus Rust, Celery Blight 
(Septaria Apii), Ginseng Blight (Alternaria Panax)^ and Strawberry Leafspot 
(Mycosphaerella Fragariae') 

WIND 

There is no doubt whatever that wind is an agent of dissemination of 
both fungi and bacteria. After being liberated from their place of origin, 
spores and bacteria are carried up by air currents into the wind proper. 
The actual details of what happens to spores afterwards are not known. 
Only very recently have any data been collected which prove the carriage 
or spores bv wind over any large area or to any great distance. It has 
been noticed for some time, however, that diseases seem to spi*ead in the 
direction of prevailing winds. McAlpine, as long ago as 1906, quot(^d 
Halstcd’s observations on the spread of Asparagus Rust. A field which 
had been cut to allow the new growth to escape Pnccinia Asparafri was 
found to be infected five weeks later. Curiously enough, however, only one 
side of each plant was affected, and this side consistently faced towards 
an old and badly Infected field of Asparagus. Also the crop standing behind 
an old house was almost free of infection. The wind had blown in a 
direction^ from the old infected field towards the new crop and over the 
house, anrf the. latter had prevented the spores of the fungus from reachinfs; 
the crop Just behind it. 

Woolman and Humphrev showed the relation of wind to the spread 
of Bunt in a similar way, in the Pacific North-West flJ.S.A.). Carsner also 
gives details of the spread of Bacterium lacrymans on curumher, and 
/Vtanasoff of Gihherelln Sauhinetii on rye. 

Spores have been caught at various heights hv “vaselined” slide traps 
exposed from aeroplanes. Stakman ct al. were the first to exploit this 
method, and thev found manv kinds of snores even up to a height of 10,500 
feet. In England, Dillon Weston has followed this lead. He found, as 
would be exnerted, that the nearer the surface of the ground the greater 
was the number of snores raueht. .At 9-10.000 feet bacteria onlv were 
caught. In summer much greater numbers of fungus spores and bacteria 
were caup-ht than in the winter months. Some evidence was also obtained 
that clouds are more heavilv charged with spores and bacteria than the air 
just below them. 

The distance to which the spores of fungi can be carried is very 
important, especially in connection with the epidemiology of plant diseases. 
Stakman et aJ, found that the number of snores diminished the further 
thev were caufrht from the centre of infection. Heald ef nl, proved that 
the spores of Endothin parasitica could be carried in large numbers to a 
distance of three to four hundred feet from their point of liberation, and 
ronsidered that thev might be carried much further. Snell reports a case 
in which Ribes bushes became infected bv the aeddiospores of Cronartmm 
rihicola from a source which was one and a quarter miles away, and in 
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which the carriage of the spores could have occurred only by wind. Butler 
discussed the relation of wind to spore dispersal and considered that tlie 
power of the wind to carry spores for very considerable distances has usually 
been exaggerated. He sUites that Bunt spores were not found at a distance 
of 250 yards from heavily infected lields in Russia and in Germany, although 
these spores fell copiously at a distance of 440 yards from an infected crop at 
Pullman, U.S.A. He also quotes the case of Coleosporium euphrasiae^ the 
spores of which travelled in the air across water for a distance of five to 
eighteen miles and caused the infection of plants on islands. 

Organised work has recently been carried out in Canada to ascertain 
the line of distribution of Black Stem Rust (Piiccinia gmmunsy . In Mani¬ 
toba and Saskatchewan this rust was epidemic in certain years, of which 
1927 was one. In Alberta the Rust was not so severe in that year. By 
careful distribution ol. spore-traps in the areas concerned, however, the 
amount and the dales of arrival of the Rust spores were discovered. The 
first infections <H:curred at Winnipeg and Morden, in Manitoba on July 6th, 
and subsequently Rust became general, as far north as Winnipeg and 
throughout south-eastern Saskatchewan, by July 18th. Afterwards it was 
traced in an epidemic course further north and westwards. In Albcita, 
epidemic infection did not occur, because of the greater distance the spores 
had to travel and because the prevailing winds were not east or south-east. 
Since conditions in Canada are not suitable for the over-wintering of the 
fimgfus, and since the jx>ssibility of infection from Barberry is stated to be 
negligible, it is concluded that primary infection arose from uredospores 
carried by winds coming from a region of infected fields in the United 
States south of Manitolia and eastern Saskatchewan, situated in the Dakotas 
and Minnesota, 'fhe data obtained with the aid of spore-traps in aeroplanes 
were instrumental in establishing the fact that rainy weather effectively 
clears the air of Rust spores, siiK'e few were caught in wet weather. In 
any case, observations which are being continued each year in Canada tend 
to prove that the wind is responsible for introducing Rust spores* from the 
United States, as was maintained some years ago by Miss Newion. 

Mehta has made observations, but of a general type only, on the 
appearance of Yellow Rust in tlie plains of India, riic survival of this 
Rust occurs every year in the hilly districts, for example, at Muktesar, 
because of the cooler weather, and is accomplished on self-sown plants. 
Infection of the crop in January easily takes place. The spores of the 
Rust are believed to be carried by wind to the crops in the plains, a matter 
of a few miles only (tlie circuitous hill-paths from Muktesar to the plains 
are 28 and 24 miles). But the wheat-crop is not up before mid-November 
and the weatlier is then too cold in the hills to allow the fungus to sporulate. 
By January, the weather is warmer, and spores are formed, which ar« 
carried to the plains. In no other way can the infection of tlie crops in the 
plains be explained. 

McCuhbin attempted to calculate the distance to wliich spores of 
Cronartium ribicola could be carried by wind. He found that the most 
slowly falling spores took from four to five minutes to descend eight feet. 
By calculation, he determined that a thirty-mile wind would carry spores, 
starling at a heig^ht of eight feet, two and a half miles before they reached 
soil level, and that they would trctvel ten miles if liberated from a ‘Miiir’ 
thirty-two feet in height. Weston calculated that the spores of Sclcrospora 
philippinensis, failing nearly twelve feet in six seconds, would be carried 
only eighty-eight yards by a thirty-mile wind, before reaching the soil 
level. In nature it has abundantly been demonstrated that spores may 
reach a height of ten thousand feet and more. At such heights, spores 
should be carried hundreds of miles by moderate or strong winds. Whether 
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they are able to infect plants after travelling at such heights and under 
all conditions of weather, is not known at present, although Stakman states 
that altitude had no influence on the viability of the spores recovered at 
great heights. He had, however, no means of knowing for what period 
the spores had been in the air or of estimating the influence of the duration 
ijf this period on the spores themselves. 

GENERAL REVIEW 

In the foregoing sections, it has been shown for some of the more 
important diseases of crop plants that each meteorological factor may have 
a more or less specific influence on the incidence and intensity of such 
diseases. In regard to some of them, it is true, there are confleting obser¬ 
vations, and to arrive at a definite conclusion as to the phenological relations 
of the diseases is as yet impossible. For others, how^ever, the data seem 
to be sufficiently corroborative as to permit the conclusion that phenological 
correlation is possible. 

For some diseases it is possible to state that when atmospheric and 
soil temperature and moisture conditions fall within certain limits, then 
di.sease is certain to occur, assuming, of course, the presence of the 
parasite. At present, it is not possible to forecast the intensity and dura¬ 
tion of epidemics, even though it may-be possible to forecast that they will 
occur. 

During the last few^ years, several countries have organised systems 
of forecasting the incidence of certain plant diseases, with the object of 
warning growers when to begin direct combative measures. France has 
started the practice of warning growers by informing them when thv 
meteorological conditions indicate a possible outbreak of certain diseases 
and pests of the vine, y\l Montpellier, observations are received from fifty- 
nine outposts in the surrounding region, and also from other parts of 
France and abroad. By combining these writh observations on crops al the 
station, advice is sent daily to subscribers as to the advisability of pre¬ 
ventive K'eatment. 'Fhis scheme has been in operation since 1923, and 
there are isidications that the work is .sliccessfully fulfilling its o])jecls. 

A similar system has been in vogue in Italy since 1921, wdth the main 
object of forecasting attacks of Dow’ny Mildew' {Plasmo()ara viticola) on 
vines. Observe s ar(‘ s('attered over the three provinces of 'l urin, Cuneo 
and Novara, and their reports are sent to the Central Phytopathological 
Station at Turin. Advice is issued immediately meteorological conditions 
indicate that germination of the winter spores of the fungus and infficlion 
of the vines are probable. 

In Germany, a centre wa e.stablished some time ago, where reports 
of meteorological conditions and of crop diseases could be received. There 
the data are sorted and examined to find correlations between the diseases 
and the w'eather. Fhe United States Weather Bureau also carries out 
phenological and plant pathological observations; and, for a few diseases, 
such as Potato Blight and Apple Scab, close correlations have been 
obtained. Recently, both in .America and Canada, reports have been issued 
relative to the first expulsion of ascospores from the perithecia of the Apple 
Scab fungus, and advice given as to the advisability of spraying. In 
Holland, too, attempts have been made to forecast the incidence of Potato 
Blight. During 1926 and 1927, the Dutch Phytopathological Service 
organised reports on weather and Potato Blight, the results of which con¬ 
firmed van Everdingen’s conclusions that it was possible to correlate 
outbreaks of this disease with certain weather conditions. As a result, 
the Royal Dutch Meteorological Institute at Te Bilt is carrying out obser¬ 
vations and issuing warnings whenever conditions are such as to justify 
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the expectation of an impending outbreak of Blight, Although Miss 
L5hnis collected considerable data on the subject she did not succeed in 
establishing the existence of sufficient correlation to warrant the attempt 
to forecast epidemics. Van Everdingen, however, selected four conditions 
as enabling the onset of Potato Blight to be foretold :—(1) a night tempe- 
r Aurc below the dew point for four hours at least; (2) a temperature nol 
falling below 10^ C., (3) a mean cloudiness on the following day of not 
less than 0*8; and (4) rainfall during the following twenty-four hours of 
at least 0*1 mm. These are the data upon which the Dutch forecasts of 
outbreaks of Potato Blight are at present based. 

When *‘combined weather” effects on diseases are studied, it is seen 
that, however well each of the separate factorial relations is understood, 
the combined result is nol known. Usually the only conclusions that can 
be arrived at are confined to statements such as that a disease is favoured 
by one of four possibilities :— hot and wet, hot and dry, cold and wet, and 
cold and dry. 'Fhese also register variations from mean local weather, and, 
naturally all the means will be different. Subjective human error is too 
strong to permit of success along such lines. Tehon w^as the first to apply 
more scientfic methods of correlating disease with phenology, and employed 
charts termed “hythergraphs. ” These are charts in w-hich meteorological 
factors are measured in combination. Thus, the vertical scale represents 
temperatures and the horizontal scale rainfall. Tehon used Martin’s data 
concerning Potato Blight, and, in replotting the combinations of tempera¬ 
ture and rainfall, obtained a series of points which, when joined, formed 
curves that w^ere circular, ovoid or elliptical, the curves being called 
“isopracts.’Tn this way areas of various sizes were obtained which repre¬ 
sented severe, mild, and no attacks of Potato Blight. By plotting tempera¬ 
ture-rainfall data, and obtaining curves named “thermohyets,” which 
represented the distribution-climate for certain diseases, he obtained areas 
outside of which the iherniohyets did not correspond wdlh the incidence of 
the diseases. Again, hythergraphs representing monthly or yearly disease- 
relatons were obtained. An even more important feature was indicated by 
this method, namely, the relation of thermohyels to intensity of attack. 
Fehon plotted figures obtained over a series of years, each having a different 
mean index of Rust infection, along with the corresponding mean annual 
thermohyet. The point so plotted lay in two lines, called “trend lines.” 
Fhe points on each of these w'ere plotted on the other by means of com¬ 
passes, as w^ell as on the line mid-w^ay between and parallel to the trend 
lines ; and this line was called the line of true correlation. When the points 
corresponding to each index of infection w^ere joined, curves were obtained 
which indicate(l the thermohyets of each' index. In other words, by plotting 
a point in the graph indicating a forecasted thermohyetic, that point wall 
lie betw'een tw^o fixed contour lines representing degrees of infection. Not 
only should it be possible by this method to forecast an epidemic outbreak 
but also the severity of infection. In order to do this, however, a .standard 
must be fixed by w^hich degrees of infection and of destructiveness can be 
measured. By the present method of personal estimation, .scarcely any 
two observers would assign the same degree of infection for the same 
attacked plant. 

Passing on to the problem of the provision of data, it must be evident 
that there is an enormous lack of detailed meteorological observations, 
possession of w hich would help to clear up many points. Up to the present 
the unit observation covers a large area, and consists, almost in everv 
case, of temperature three times a day and not at night (a very important 
lime), rainfall, sunlight and humidity in th'e open air. Data which w^ould 
be more useful are those concerning conditions existing in the crop, and 
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only a few isolated workers have recorded such. Each factor in the crop 
will vary according to the type of crop plant, Roussakov examined many 
of these points, tie found that there were considerable diHerences betweexi 
open-air temperatures and those of the air within the crop. The tempera¬ 
tures III the crop also varied according to the time ol day or night, and 
the pi'cscnce oi clouds and rainfall. Tor example, the open air temperature 
in the daytime was lower than that in the midst of the crop by C., 

but was higher at 9 p.in. by 4^* 6‘5‘' C., while the two nearly coincided 
at 7 a.m. The highest temperature of all at 9 p.m. was at the surface 
level of bare land, and the lowest temperature at the same time was at a 
height of 90 c.m. in the crop. The humidity varied greatly also, this 
being influenced by wdnds and by clouds. In a dry summer, the relative 
humidity was 85 per cent, near soil level, 72*5 per cent, at mid-crop height, 
and 67 per cent, at the top of the plants. In a wet summer, the relative 
humidity was more evenly distributed, that at the base of the crop being 
only 10 per cent, greater than that at the top. Since shading affects the 
temperature of the plants, as already explained in the section on light 
relations, and since liumidity also does so, Roussakov’s data relative to the 
penetration of sunlight into a crop are interesting. A crop of rye, with a 
fairly dense stand and from 150-160 cm. high allowed the following pro¬ 
portions of sunlight lo penerate. 

60-65 per cent, sunlight penetrated dow’n to 80-90 cm. from oil level i 

18-20 per cent. ,, ,, 25-30 cm. ,, „ 

10 per cent. ,, „ 10-17 cm. „ ,, 

5 per cent. „ „ 5 cm, ,, „ 

Again, the details of distribution of spores by wand are imperfectly 
known. Little is known ol the relative effects of the upper and lower air 
strata on spore viability, or concerning the possible length of suspension 
ol spores in the air. hor a lew types of spores only has any relation of 
density to rate of fall been established in connection with the rate of deposit 
in winds «of varying velocity. 

CONCLUSION 

There are many questions that the plant pathologist might be expected 
lo answ’cr, and the first is whether he is sure that certain groups of 
meteorological factors do lead to epidemic outbreaks of a disease or group 
of diseases. 

In view of what has been said above, there can be no doubt but that 
meteorological factors do determine to a great extent outbreaks and epide¬ 
mics of most plant diseases. 

The group of factors primarily concerned consists in most cases of 
temperature, moisture (and humidity), light and wind, the combination 
varying according to the disease. 

A second question is whether there are certain very specific meteoro¬ 
logical factors upon which a particular disease (or group of diseases) appears 
to depend. This can also be answered with certainly. Controlled 
research in the laboratory has demonstrated that each disease has a very 
definite range within each of the meteorological factors. In nature, how¬ 
ever, the greater and more irregular variability of these factors makes 
correlation in the field very difficult. Further work and far more data 
are required before the ranges that prevail in the field can be estimated. 

Following this, he may be asked, thirdly, to indicate with one particular 
disease, or with a few, what the exact factors and their duration 
are, and what particular coincidence of these factors is necessary for the 
occurrence of an epidemic. 
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Fortunately, it is possible to give a delinite example. The Potato 
Blight, caused by Phytophihora injestans, depends upon a set ol conditions 
which are very specihc. These have already been laid down by van 
liverdingen, and are the result ol much research and ot years ot work, 
they have been mentioned previously, but may be repeated here. For the 
outbreak of this disease there are necessary :—(IJ a night temperature, oi 
lour hours’ duration at least, below dew point; (2j a temperature ol not 
less than 10*^ C; (3) a mean cloudiness on the loilov\ ing day not falling 
below O’8; and (4) rainfall of at least 01 mm. during the following twenty- 
tour hours. 

Fourthly, the plant pathologist may be asked wliat arc the data that 
are needed to determine accurately the phenology oi plant diseases and 
what are the methods suggested lor obtaining them ? 

For each important crop plant during the whole period ol its growlii 
and maturation the lollowing meteorological data are required :— 

(1) Air temperatures: (aj above the crop; (/;) at the level ol the top 
ol the crop; (c) at mid-crop height; (d) at liie base ol the plants, 
and (ej in the soil. The temperatures should be recorded every 
two or three hours during tlie whole twenty-four liour period, or 
better still by a continuous method. 

(2j I'he moisture content of the land : (uj hare, near the crop, and 
(/;] under the crop; the usual precipitation records, measured twice 
daily and nightly. 

(3) The relative humidity of the air : (nj above the crop; (b) at the 
level of the top of the crop; (cj at each quarter of its height w’ithin 
the crop, and (d) at the base of the crop. Tliat just over bare 
land is also required. J'he records should be taken every three 
hours, day and night or preferably continuously. 

(4j Cloud records and sunlight intensity; also relative penetrations 
of sunlight, clear and shaded, into the crop plants, for each degree 
of density and height of the plants in the crop. • 

(5) Th'e relative penetration of precipitation into a crop, at each 
degree of density, and the length of time moisture remains on 
the foliage, 

(6) The relative amounts of dew deposition in crops, at dilTerent 
heights in the crop, and for each state of tcinperalure, moisture, 
and humidity as well as of crop density. 

(7) The relative penetration of wind of varying degrees of force into 
tlie crop and its relation to crop humidity, temperature, and 

spore dispersal. 

(8) The humidity and temperature of the higher air strata (100- 
15,000 ft.). 

(9) More information relative to air currents and spore dispersal. 

The methods to be employed for securing the data required cannot be 
left in better hands than those of the meteorologist himself. What is 
essential is a system of recording these data for each important crop plant 
in as many districts, climates and countries as possible. The British Empire 
offers plenty of scope as far as differences of climate are concerned. 

If such a vast and varied array of meteorological data becomes 
availab%, the question will arise as to whose province it will be to correlate 
them with plant disease phenomena. If such' correlation is to be done at 
all it is clear that the plant pathologist will have to stir himself and work 
out standardised methods by means of which “degrees of disease,“ or 
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“epidemic intensity” can be measured with accuracy, and without any dis¬ 
turbing factor due to the subjectivity of the recorder. These standardised 
methods will perhaps differ for the disejases of different crops, and to devise 
them will be no easy task; nor will their application in practice be possible 
except by those possessing almost an infinity of patience and perseverance. 
Limits of available space preclude the discussion of this matter here, but 
it may be said that in connection with the breeding of resistant varieties, 
particularly in the United States of America, some progress has already 
beein made in formulating standards by means of which degrees of Rust 
attack on certain cereals can be recorded, so that accurate comparisons 
can be made. 

Having secured meteorological data and those of disease intensity, the 
problem of correlation will become acute. Will the meteorologist or the 
plant pathologist or either of them be competent to carry out such corre¬ 
lation ? Or, will the task require a specialist “supermair’ in the form 
of a statistician ? 'Fhe answer to such questions may perhaps be deferred 
for I he present, but it may be pointed out that Tehon has already shown 
that the problem is one involving deep analytical and higher mathematical 
treatment; and the humble present-day plant pathologist may well feel that 
such a task would be well beyond his powers. What searchings of heart, 
if any, the meteorologist might have in regard to the task it is not for 
a plant pathologist like the present writer to enquire. 

I'he present paper has been an attempt to show that a relationship 
exists betw^een plant pathology and meteorology, and to indicate some ways 
in which the study of that relationship might with' profit be intensified. 
1'he theme has been based on, and illustrated exclu.sively by, existing plant 
pathological literature, but it is felt that in meteorological literature there 
may exist papers that would be of interest to plant pathologists in tryinj^ 
to solve their problems. If so, plant pathologists would bt* under a debt 
ol gratitude to any meteorologist who w^ould be good enough to bring such 
work to tl|cir notice. 

The writer w^ishes to record his sincere thanks to both Dr. Butler and 
Dr, Pethybridge for their kind help and criticism, and to the former also 
for placing the use of the library of the Imperial Bureau of Mvcologv at 
liis disposal. 
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MEETINGS, CONFERENCES, ETC. 


MINUTES OF THE EIGHTH ORDINARY 
GENERAL MEETING OF THE RUBBER 
RESEARCH SCHEME (CEYLON) 



HE eighth Ordinary General Meeting of the Rubber Research 
Scheme (Ceylon) was held in the old Legislative Council Chamber, 
Colombo, at 11 a.m. on the 25th of April, 1930. 

Dr. VV. Youngnian, Director of Agriculture and Chairman 
of the Executive Committee of the Scheme, occupied the ('hair. 


1. REPORT OF THE EXECUTIVE COMMITTEE 

Moving the adoption of the reports, accounts and balance she^et for 
1929, Dr. Youngman said: 

It is my pleasure to present to you the eighth annual report of the 
Executive Committee of the Rubber Research Scheme (Ceylon), for the year 
<‘nding December 31, 1929. The membership of the. Scheme, as you w'ill 
set* in the report, has diminished by six, there having been a loss of 9 
subscribers and an accession of 3. Whilst we should like to .see the mem¬ 
bership increase rather than diminish, it is significant that the subscriptions 
have increased due to an expansion in the yield of rubber. 

I'he accounts and balance sheet for the year are submitted along with 
lilt* report, and we shall ask you to pass them, they having been duly 
certified by your auditors. 

You will observe that this is the first year in which our cx^x'iiditure 
has exceeded the income, the result of the growth of the Scheme, for our 
revenue has not diminished This state of affairs is bound to be until we 
can ge!t the Scheme put on a more permanent basis by the passing of the 
Rubber Research Scheme Ordinance. The draft Ordinance is still under 
consideration by a Select Committee of the Legislative Council. 

Although the Scheme seems to be working as well as could be expw'ted 
under present arrangements, pending its establishment on a permant‘nt 
basis by the passing of an Ordinance, the appointment of a Director seems 
miK'h to be desired. 

Many of the functions of a Director were discharged by your Organi¬ 
sing Secretary, Mr. Mitchell, who left at the end of September, 1929, after 
having discharged these duties for eight and half years. 1 am sure you 
will acquiesce in the appreciation of his work recorded by your Executive 
Committee. For the time being, your Chemist, Mr. T. E. H. O’Brien, is 
acting as Chief Technical Officer, co-ordinating the scientific staff generally 
and conducting the technical correspondence of the Scheme. 

You will note that much attention has been given by your Technical 
Committee to the subjects of budgrafting and selection and that they formed 
a small Sub-Committee to deal with these important points. 

Speaking personally as one with a slight acquaintance with the botany 
of crop plants, I feel sure that this is a very wise step and one from which 
much help to the industry can be hoped for. I have had occasion myself 
recently to devote attention to what is known as th'e vegetative reproduction 
of plants, that is the increase of plants by methods otlier than from seed, 
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and I have been astonished at the great gaps that exist in our knowledge 
ol this important subject amongst plants generally; Of precise, exact 
knowledge of tlie inlluence of stock upon scion and of bud variation we 
liave but little. VVe are at the present time at Fciadeniya faced with a simi¬ 
lar problem with regard to orang-es and grapefruit. Although there is a far 
cry from these fruit trees to rubber yet the problem is the same and their 
example may serve to focus in your minds what it is. On the same orange 
tree there can at times be found two or more branches dilfering from one 
another considerably in certain visible characters such as the shape and form 
of their leaf and perhaps of their fruit. Budwood thus taken from such a 
tree would ccirtainl}- propagate two or more kinds oi tree. Now' these charac¬ 
ters are an outward and visible sign but we are perfectly justified in holding 
that there are other characters in plants that may not be outward and 
visible but that differ from branch to brancli. Such a character would 
seem to be the latex secreting capacity of buds (which are incipient branches) 
in the rubber tree. Thus we are faced with the fact that until it is proved 
to be the case w'c are not justified in assuming^ that all the buds capable ol 
producing new rubber trees will transmit the high or low latex yielding 
character of their parent. This problem presents many interesting side 
lines capable of being of great economic importance that require and will 
repay fuller investigation. One of the first things to be done is to obtain 
records of parent trees and then to sec how and to what extent they transmit 
their characters to their buds. Work along these lines is in hand. 

Of considerable interest in the report is Mr. Mitchell’s account of the 
general condition of Ceylon rubber estates in which he summarises the chief 
diseases found of root, stem and leaf of the rubber tree and discusses some 
of the problems of rubber growing in general. 

Your Chemist gives some account of his work on the curing of sheet 
rubber, comparing the effect of drying in hot air w'ith and without smoke, 
also on the effect of iron in the water used for diluting latex upon the crepe» 
as well other work on mould prevention, fractional coagulation and latex 
adultcratioiv 

The Physiological Botanist describes much work of a field nature that 
had to be undertaken in connection with the Nivitigalkek* li^xperiment 
Station and has published notes on Brown Bast, the Re-planting of old 
rubber and Budding of rubber and its meaning for Ceylon, amoiigsl other 
things. 

The Mycologist has devoted a great deal of attention to the Oidiutn 
leaf disease. In connection with this he has made some interesting experi¬ 
ments with Sulphur spraying as a preventative and he will show us some 
photographs today and tell us about them in connection with this work as 
I thought the Committee would like to see them. Other useful work on 
divseases of Bud Shoots, Bark Rot and other troubles is described. 

I think you will agree with me that the report shows a year of pro¬ 
gressive work and that we are only waiting for the Rubber Research Scheme 
Ordinance to help us to progress further still. 

One other point should be mentioned and that is the coming departure 
from amongst us of Dr. Small who until recently acted as your Chairman. 

I am sure you will agree when I say that this Committee is indebted to him 
for the able and careful way in which he conducted its affairs during the 
period of hi.$ stewardship. 

1 have the pleasure to move the. adoption of the report and accounts 
for the year 1929. * 

The motion was seconded by Mr. J. D. Hoare and was carried 
unanimously. 
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2. REPORTS OF THE TECHNICAL OFFICERS 

The Chairman sug’^est.ed in connection with the reports of tlie technical 
officers of the Scheme, that it would be suitable for Mr. Murray, 
the Mycologist, to present photographs and details of sulphur dusting 
carried out by him as a means of controlling Oidium. A dusting machine 
obtained from Java had been employed, but a British machine was expected 
and would be tried shortly. Mr. Murray read a preliminary report of his 
investigations on sulphur dusting as a means of controlling Oidium, which 
is printed separately at pages 347 to 349 and which has been issued as 
Leaflet No. 11 of the Rubber Research Sebeme (Ceylon). 

Mr. Collett moved a vote of thanks to Mr. Murray for his interesting 
report and enquired whether the Java sulphur w'as quite satisfactory. Mr. 
Murray replied that he had nothing to say against Java sulphur, but he 
was hoping to use Americ'an sulphur shortly in Uva. The American sulphur 
had the advantage of being specially prepared and docs not need drying or 
sifting and is comparatively free from acid. The American sulphur costs 
roughly from 30 to SO per ('cnt. more than the Java sulphur. There was 
little difference betwecai the two in the fineness of the powder. Replying 
to further (juestions from Mr. A\’ilmot A. Percra and Mr. O’Brien, 
Mr. Murray stated that the Dutch machine was manufactured .in Java, and 
that it would be feasible to dust low-lying rubber from hillsides. 


3. REPORT OF THE LONDON ADVISORY COMMITTEE 

The report of the London Advisory Committee was accepted without 
comments. 


4. AUDITORS 


The Chairman proposed and Mr. Davidson seconded, that Messrs. 
Dunc'um, Watkins, Ford Co. be re-appointed Auditors for IBIJO, on the 
same remuneration as for 1929, vi/., Rs. 500. This was appr/wed unani¬ 
mously, 

5. CONCLUSION 


Mr. Collett then proposed a h(\arty vote of timnks to Dr. Youngman 
for his (’hairmanship and his able speech in proposing the adoption of the 
report. He took the opportunity to extend a cordial w^elcome 1o Dr. Young- 
man upon his assuming duties as Director of Agriculture and to second the 
appreciation expressed by him of the work of Dr. Small wdio had ac'tcd as 
Chairman for 15 months. 


Dr. Youngman, returning thanks, said it gave him great pleasure to 
preside at these meetings and hoped the pleasure would be mutual for some 
time to come. 

The meeting then concluded. 


Peradeniya, 

May 10, 1930. 


[. 1. CNANAMUTTU, 
Secretary, 

Rubber Research .Scheme, 
(Ceylon). 
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COCONUT RESEARCH SCHEME (CEYLON) 


BOARD OF MANAGEMENT 


M inutes of the fifth meeting of the Board, held at 2.30 p.m. 

on Wednesday, April 2, 1930, in the old Legislative Council 
Chamber, Colombo, 

Present : Dr. W. Youngman, (in the chair), the Hpn. 
the Acting Colonial Treasurer, Mr. ]. Fcrgusson, the Hon. 
Mr. A. Mahadeva, Mr. John A. Percra, J.P., ILP.M., (iale Mudaliyar 
A. K. Rajapakse, J.P., U.P.M., Mr. J. Sheridan-Patterson, f.P., U.P.M., 
and Mr. J. f. Gnanamuttu (Secretary). 

Apology for absence was received from the Hon. Mr. C. H, Z. 
1^'ernando. 


{'hairninti ,—Before busine.ss commenced Mr. Mahadeva expressed the 
members’ appreciation of the servic'cs of Dr. W. Small who had b(‘en 
Chairman from the date of inception of the Co(T>niil Research Sc'heme and 
who had put in a (‘onsiderable amount of work on its hehaK. proposed 

that a record of this appreciation should be made in the minutes. Mr. 
Sheridan-Patterson seconded, and the vote was carried unanimously. 


Gate Mudaliyar A. E. Rajapakse welcomed Dr. Youngman to the 
Chairmanship of the Board, and was thanked by Dr. Youngman. 


1. MINUTES 

I'he minutes of the meeting held op January 20th, 1930, ('opies of \\hich 
had been circulated to members, were take*n as read and were' confirmed 
and signed by the Chairman. 


2. FINANCE 

(a) The Chairman stated that the statement of receipt.s and disburse¬ 
ments of the Scheme during 1929, which had been circulated to members, was 
endorsed by the Colonial Auditor on March 4th, 1930, and published in the 
(fovernment (Gazette on March 7th, 1930. He added that the (ost of audit 
of the accounts for 1929 would be under Rs. 100. 

(b) The statement of receipts and expenditure for the quarter ended 
March 31st, 1930, was passed without comments. This showed a credit 
balance at that date of Rs. 86,833-94 of which Rs. 50,000 was on fixed 
deposit earning interest at 4% and Rs. 36,833-94 on current account. 

(c) The Chairman reported that he had refunded to the Colonial 
Treasurer, subject to a recall on one week’s notice, the sum of Rs. 250,000 
received from him, of which Rs. 200,000 was the Government grant to 
the Scheme and Rs. 50,000 part of the loan provided under the Ordinance. 

3. POWERS OF BOARD IN RELATION TO THE STAFF 

In continuation of the discussion at the previous meeting, it was resolved 
that the Coconut Research Scheme should adopt the same procedure as 
the Tea Research Institute, namely that 5% of the officer’s salary should 
be paid into a Provident Fund, the Scheme contributing a like percentage, 
to this being added such interest as can be earned. 
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Mr. Bickmore stated that the Provident Fund Ordinance which is under 
preparation would not apply to the subordinate staff. In reply to 
Mr. Mahadeva, he added that the objection was on the ground of the 
difficulty of working a large inclusive fund. He suggested that the Coco¬ 
nut Research Scheme would do well, in the same way as the Tea Research 
Institute, to go into the possibility of working a Provident Fund account 
with the Ceylon Savings Bank, the monthly abatements from the junior 
officers as well as the contribution by the Scheme being paid into such 
an account. I'his suggestion was adopted. 

In regard to the senior staff, a provisional fund should be created 
pending the establishment of the permanent fund into which contributions 
to the credit of the senior officers would eventually be transferred. It was 
agreed that 4% interest on this provisional fund be paid by the Scheme, 
it being understood how^ever that the maintenance of this rate cannot be 
guaranteed. 

4. ESTATE SUB-COMMITTEE 

(a) With reference to the correspondence wdth the lawyers ol the 
Sc.heme, wdiic'h had been circulated to the members, the Chairman read a 
finther letter dated March 29th, 1930, from Messrs. F. J. & (i. dc Saram, 
and reported that although he had stipulated for the transference of the 
estate on May 1, delays were inevitable owdng to the necessity of a clear 
verific ation of the title and the survey of the area to be taken over by the 
Scheme. It was resolved that the owmer, Mr, Cosmas, should be informed 
through the law'yers that the arceptanc'e of the estate would follow the 
receipt of a favourable report on the title deeds. In the meantime the 
survey should be proc'eeded w^ith ; in the event of the purchase not being 
completed, Mr. (.\ismas w'ould be reimbursed expenses incurred on the 
survey It w^as undcrstcKxl that upon the transfer of the estate the owner 
would hand ovcm' the entire May-June crop which was due to be piejeed by the 
middle of June. Mr. Ferg*usson slated that arrangements to^ c'onvert the 
first crop into c opra would he unnex'essary as there was a readv markc't for 
the nuts. 

It v/as decided that the restate Sub-Cornmiltee should dissolve when the 
purchase of an estate hns been completed. 

(b) Mr. Furgusson suggested that anoth<*r Suh-Committee should be 
appointed to go into the question of the* bungalows, laboratory, etc., to be 
built on the estate. It was agreed that the questicm of buildings should 
await the ac'quisition of the* estate and tlie arrival of the Director of the 
Scheme. 

It was decided that the Chairman should give* the* nec'cssarv orders for 
the erection of permanent fencing on the purchased area of the estate whe.i 
and if acquired. This fencing to be of barbed wore wnth iron or reinforced 
c oncrete posts. 

5. STAFF 

(a) Appointrneni of Diyector of Research .—After c'onsiderable discus¬ 
sion upon the applications received from the Selection Committee in London, 
Gate Mudaliyar Rajapak.se proposed, and Mr. Fergiisson sec':onded, that 
the post of Director of Research should be offered to Mr. W. E. de B. 
Diamond, Chemist in the Department of Agriculture, Nigeria. This was 
carried unanimously, and it was decided that the terms of the appointment 
should be the same as those mentioned in the advertisement of August 10, 
1929, subject to the condition regarding contributions to a provident fund, 
which would be in terms of minute No. 3 above. It was desired that 
Mr. Diamond should come out as early as possible. 
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(b) Appointment of Geneticist, —^The Chairman recornmended that the 
filling of the other staff posts provided in the estimates should now be con¬ 
sidered. After discussion, the Chairman was authorised to advertise in the 
five English daily newspapers of Ceylon and the Government (iazette for a 
Geneticist for breeding and selection work on the coconut palm and to cable 
to Mr. Stockdale in London with a view to his notifying interested Ceylon 
students in England. It was resolved that the post should be under agree¬ 
ment for a period of 4 years with option of renewal on the salary scale of 
£400 rising to £490 by annual increments of £30 convertible at present at 
Rs. 15 per £1 sterling. It was desired that the Chairman should interview 
three or four most likely candidates and make his recommendation to the 
Board. 

(c) Appointment of Technolof^icnl Chemist, —The post of Technological 
Chemist for work on the chemistry of the coconut and its commercial pro¬ 
ducts was discussed. It was resolved that the appointment should be under 
agreement for a period of four years with option of renewal. Mr. Mahadeva, 
supported by Mr. Bickmore, was of opinion that annual increment of £40 
should be offered. Mr. Fergusson proposed that the incremental rate must 
be increased to £50. This was seconded bv Mr. Sheridan-Patterson and 
was carried bv a majority of two votes. The scale adopted was : £800 
rising to £750 by annual increments of £50. It was derided that the 
selection should be entrusted to the London Committee which had dealt wuth 
the post of Director of the Scheme^ that Mr. Stockdale should be asked 
to advertise the post in the same wav and that candidates already in the 
East be interviev'ed, if required, at Colombo. The Selection Committee to 
be asked to consider all applications and make a recommendation to the 
Board, 

fd) Formal sanciions, —To meet audit requirements, formal sanction 
was recorded of the following payments made as from October 1, 1929, 
and provided for in the estimates for 1930. 

t ( 

Secretary.—Half cost of holiday travelling; railway warrants to be 
issued and actual cost debited to the Scheme. 

Clerk/Shorthand-Typist.—Rent allowance calculated at 7^% of salary. 

Office Peon.— Salary Rs. 240 per annum ; rent allowance Rs 30 per 
annum. 

By Order, 

J. T. GNANAMUTTU, 
Secretary, 

Coconut Research Scheme, 
(Ceylon.) 
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DEPARTMENTAL NOTES 


PADDY COMPETITION, MATALE SOUTH, 
MAH A 1929-30 

A paddy cultivation competition was held in Matale South l or 1929-30 
Maha season when 103 entries were received as against 293 
last year. The smaller number was due to the failure of the 
monsoon. The competitors had cultivated their fields satisfac¬ 
torily and had applied green and farmyard manure. Ihe preli¬ 
minary judging was carried out by the Agricultural Instructor. The final 
judging of the selected fields was done by the Divisional Agricultural Officer, 
Central Division. The 1st prize (of Rs. 30/-) was awarded to B. G. Kiri 
Banda of Colahenwatte, the second (of Rs. 20/-) to Aliiwihare Ovillae 
Walauwa Tikiri Banda and the third prize (of Rs. 10/-) to T. B. Jayatilleke 
of L'dagama. Departmental Certificates were also issued to the siu'cessful 
candidates. 


PADDY CULTIVATION COMPETITION, 
MATALE EAST (MATALE PALLESIYA PATTU 
AND AMBANGANGA KORALE) MAHA 

1929-30 

A paddy cultivation competition was held in Matale Hast during 1929- 
30 when 113 entries were received, out of these 42 weru disquali¬ 
fied as the plots were found to be less than an aere in extent. The 
competitors took considerable interest. The Agricultural Ins¬ 
tructor visited the plots on several occasions and eni'ouraged the 
c.ultivalors to adopt belter methods of cultivation, manuring, transplanting 
and weeding, 'fhe prciliminary judging was carried out by the Agricultural 
Instructor. I'he selected fields wf^ere finally judged by the Senior .Agricul¬ 
tural Instructor. T'he 1st prize of Rs. 30/- w'as awarded to 1C M. P. 
Opaigolla of Ambana and the second prize of Rs. 20/- to S. T, Dingia 
of Kuruvvewa. 

The Ratemahatmaya, Matale Hast, took much interest and helped tlie 
Agricultural Instructor to make this competition a success. Departmental 
Certificates w^ere also issued to the successful candidates. 
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PADDY SHEAF COMPETITION—YATINUWARA 
AND TUMPANE 


A paddy sheaf competition was held in 1929-30 for Yatimiwara and 
Tumpane when there were 46 entries from Yatinuwara and 45 
from Tumpane. The Ag^ricultural Instructor visited the fields 
before harvest and the final judging^ of 100 sheaves of ear- 
heads was done by the Divisional Agricultural Officer^ Central 
Division, fhe 'fiimpane competitors were very keen and showed g^reat 
interest and their exhibits were of a high standard. 

1'wo competitors tied for the third place, 
fhe follow'!ng were awarded prizes : 




) ittiiiH7vara 

11 exhibits 

1st 

prize 

Katupullegedera Punchirala of Koladande 

Rs. 25 00 

2n(l 


VV. M. Mudiyanse of Menikdewela 

,, 1500 

3rd 


H. M. Loku Banda of Ipciedena 

,, 10 00 



I'uwpane 

34 exhibits 

1st 

prize 

M. Piyadasa, Asst. Teacher, Hinigamuwa 



School 

,, 25*00 

2nd 

• ,, 

Mathuwa, Vidane Duraya of Colabawa. 

, 1500 

3rd 

,, 

M. B. (loonapala of Poholiaddc 

,, 10*00 



VV, Kiriya of Paranagarna 

,, 10*00 
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ANIMAL DISEASE RETURN FOR THE MONTH 
ENDED 31st MAY, 1930 



< 

' No. of 
Cases up 




Bal¬ 

ance 


Province, ifec. 

Disease 

to Date 
since 

Fresh 

Cases 

Rec<»« 

vcrics 

jc 

re 

No. 

Shot 



Jan. 1st 




Ill 




1930 







Rinderpest 

480 

t>2 

75 

322 

17 

60 


Koot-.ind-moulh disease 

254 

33 

217 

10 

27 


Western 

Anthrax 

Piroplasinosis 

Rabies. (Dogs) 


) 

... 


... 

... 


Rinderpest 

Foot-and-mouth disease 

441 

11 

422 

t2 

! 6 

I 1 

Colombo 

.Municipality 

Anthrax 

Haemorrhagic 

septicaemia 

1 

5 

i 

i 2 


1 

5 




Black Quarter 

2 


... 

2 


i 


Rabies (Dogs) 

7 

1_ 




1 7 


Itovine Puberculosis 

1 



' 


i •' 

Cattle Quarantine 

Rinderpest 



1 

! 

! 


j 

Station 

Foot-and-mouth disease 
.Anthrax (Goats) 

225* 

30 


225 


1 ... 


Rinderpest 

Foot-and-mouth disease 

59i 

51 

507 


84 

... 

Central 

Anthrax 

1 


... 

1 j 




Piropiasmos 

4 


i 1 

3 i 




Rabies (Dogs) 

2 

1 

! ... 

1 ! 


1 


Rinderpest 

104 

17 

1 

83 ! 

3 

... 

Southern 

Foot-and-mouth disease 
Anthrax 

259 

... 

1 253 

6 1 


j 


Rabies (Dogs) _ _ 

' .. L .. 

_1 _ 


1 1 




Rinderpest 

Foot-and-mouth disease 

2975 

305 

I2905 

70 ' 


I"'':!! 

! 

Northern 

Anthrax 

Black Quarter 

126 

77 

1 

126 

... 

j ... 


Rabies ( 'ogs) 

3 



1 


L:l_ 

Eastern 

Rinderpest 


3___| 


i 


j 


Foot-and-mouth disease 

28 


86 

2 


... 


Anthrax 




... j 




Rinderpest 

3435 

YiY 

l06“ 

252f’T 

”27- 

780 


Foot-and-mouth disease 

4 


4 

j 



North-Western 

Anthrax 

Pleuro-Pneumonia 



... 


... 



(in Goats) t 

50 



JO ; 

i 

*'* .1 


North-Central 

Rinderpest 

Koot-and-niouth disease 
Anthrax 

1069 


1045 

1 1 



Rinderpest 




1 

1 



IJva 

Foot-and-mouth disease 

72 

... 

72 

... j 

... 



Anthrax 




... 1 




Rinderpest 

57"'! 


5 

51 i 

74 

J - 


Foot-and-mouth disease 

1159 

so 

1075 

10 i 

... 

Sabaragamiivva 

Anthrax 

Haemorrhagic 


... 


1 

... 1 




senticaemia 

9 

1 

... 

9 1 

... 

... 


Rabies (Dogs) 

9 

2 


2 i 

1 


7 


.. ' ' -- 

* ) case in a buffalo 

t An outbreak which occurred in March. 


G. V. S. Office, 
Colombo. I3th June. 1930. 


G, W. STURGESS, 
Government Veterinary Surgeon. 
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Station ’ 

1 Temperature 

Humidity 

Amount of 
Cloud 

Hainfall 

s 

B O ^ 
f« g 

V .B 

S X ■ 

Dif¬ 

ference 

from 

Averaite 

Mean 

Minimum 

Dif. 

fcreuce 

from 

Average 

s 

Night (from 
Minimum) 

Amount 

e 5? * 

B 

i'ss 

Difference 

from 

Average 


« 

o 

o 

o 

% 

% 


Inches 


Inches 

Colombo 

86*2 

—08 

77‘1 

+ 0*2 

80 

89 

78 

2624 

24 

+ 12-59 

Puttalam 

860 

— 18 

77‘6 

0 

78 

89 

60 

14-56 

14 

+ irii 

Mannar 

87‘5 

—3-0 

79*0 

— 1*3 

78 

86 

67 

8 28 

9 

+ 6*27 

Jaffna 

86'4 

— 10 

807 

—1*2 

81 

87 

4*9 

10-59 

5 

+ 8*92 

Trincomalee - 

897 

—24 

77*3 

—08 

! 69 

84 

4*3 

17 10 

8 

+ 14-63 

Batticaloa 

89‘7 

— r9 

76*6 

+ 1*5 

72 

88 

60 

7-42 

4 

+ 5*69 

Hambantota - 

849 

•—1*9 

760 

—0*4 

84 

93 

! 4*2 

12*19 

>5 

+ 9 02 

Galle 

841 

—1*0 

769 

—12 

84 

88 

6*9 

18*45 

26 

+ 707 

Hatnapura 

877 

0 

740 

—ro 

76 

93 

6*6 

31*39 

26 

+ 13*19 

A’pura 

887 

—2-4 

75'8 

—0*3 

72 

93 

6*3i 

879 

10 

+ 4-94 

Kurunegala - 

88'2 

—r4 

75'3 

—0*4 

74 

91 

76 

15 71 

13 

+ 9*18 

Kandy 

85'3 

—0-3 

702 

---0*5 

72 

90 

68 

13 70 

17 

+ 801 

Badulla 

84-2 

—1*2 

65‘5 

0 

68 

92 

5 5 

8 99 

9 

+ 434 

Diyatalawa - 

776 

—0*4 

595 

—2*2 

72 

86 

67 

11*51 

15 

+ 635 

Hakgala 

72 5 

—n 

577 

+ 0*3 

78 

86 

5 4 

17-21 

17 

+ 1070 

N’Eliya 

69 2 

—1*2 

52’6 

1 

+ 0“2 

80 

91 

77 

18 32 

17 

+ 11*49 


Tht* chief meteorological factor in May was a depressional storm 
whose centre was first apparent off Hambantota on the morning of the 5lh, 
and suljsequently moved northward off the east coast and crossed the 
Indian cost south of Negapatam on the 7th. It gave heavy widespread rain 
on the 5th and 6th, particularly the former. I have not yet heard of a well' 
conditioped rain-gauge that failed to record at least an inch on that <lay. 

Damage due to flooding was widespread, but most noteworthy in the 
Kelani Valley. Damage due to high wind was reported at Delft and other 
places in the extreme north. Considering that the records for low pressure 
wt^re broken at Trincomalee and Jaffna, the surprising thing is not that 
this damage occurred, but that it w-as not more severe than was the case. 

After the centre of the storm was over India it still gave heavy rain 
over western Ceylon on the 9th. On the 16tb-20th there was but little 
rain, and from the 20th onward, though the number of wet days was 
about up to average, the quantity of rain was not excessive. However, 
any dificienev in the second half of the month was outweighed, and at ^11 
stations the month’s total was above average. 

The highest totals were Cieekiyanakanda, 48*21, and Srikandura, 46*95 
inches. Other stations with over 40 inches were Halwatura, Carnev and 
Ciendagala. 

Palugaswewa recorded 12*73 inches on the 6th, and other falls of over 
10 inches in a day were at Luccombe (Maskeliya), Kellie and Morootie, 
(Dolosbage), Yataderia (Undugoda), Blackw^ater (Nawalapitiya), Hahva- 
tura (Ingiriya), Trincomalee, Labugama and Talaimannar. Over three- 
hundred stations, or about 80%, reported at least 5 inches in a day. 

Temperatures were on the whole below average. The maximum 
temperatures show this deficit rather more than the minimum ones do, 
which is the natural concomitant of the amounts of cloud and humidity 
having been above their averages. 

The duration of sunshine was a trifle above average on the west and 
east coasts, but a little below average in the south. 

Hail was observed at Diyatalawa on the afternoon of the 30th, 

A, J. BAMFORD. 
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EDITORIAL 


RICE PROBLEMS 


T he recent disiocaiion of shipping owing to labour distur¬ 
bance in Rangoon was immediately reflected in the 
price of rice in Colombo. This showed how depen¬ 
dent we are in Ceylon upon other countries for the food 
of our population. Fortunately the dislocation was cTf short 
duration. The jiosition ol Ceylon is somewhat f)eculi!lr in that 
her m.'ijor im[)orts are food substances, of which rice is far and 
away the greatest, whilst her exports are non-foodstuffs. At 
the pre.sent time the country is suffering severely from a depres- 
-sion in the market of almost all her exports. If coupled with 
this depression any cause should occur to increase the cost of 
her foodstuffs the situation would indeed be serious. It would 
not only directly affect the consumer of rice but it would immedi¬ 
ately affect most other industries. I here is little possibility of 
substituting at an early date any other food grain for rice. The 
world’s demand for rice would seem to be an increasing one. 
The possibility of increasing her rice crop is therefore one of the 
greatest importance to Ceylon. An increase in the quantity of 
a crop must come from one or both of two cotir.ses, an increase 
in the yield per acre and an increase in the area of production. 
In Ceylon there is no doubt that there is abundant opportunity 
for expansion along both lines. An increa.se in the yield per 
acre is to be attained by an improvement in the variety^ of rice 
.sown and in the treatment of the soil in which it is grown. 
Another factor that may affect yield is climate, but over that we 
have no control. Of the two first factors varietal improvement 
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is a slow process but none the less worth trying for. The 
Department has been working along these lines for admittedly 
a long time but patience is a necessary attribute for the attain¬ 
ment of results by scientihe experiment. There can be no justi¬ 
fication in ceasing the work already in progress but rather to 
intensify it in order to secure our object. 1 he [)ossibility of 
effecting a change in the envirf)nment of the crop by soil improve¬ 
ment is often a much more readily achievable accom{)]ishment. 
It involves the ap{)lication of manurial substances and water, 
improved cultivation, improved systems of land tenure, and 
finance ami improved health and physique of both man and beast 
engaged in the industry, amongst other things. I'o achieve all 
these may be a long process but real advance in any one may 
mean progress. It is hoped at the forthcoming Agricultural 
Conference to be held at Peradeniya in the autumn of the present 
year to present a comprehensive survey of the factors influencing 
rice production in the Island. 

At the last Conference, held in 1928, His Excellency 
suggested an investigation into the tvhole .subject of paddy 
growing. It was eventually decided by the P'ood Products 
Committee to form local district sub-committees so that the 
opinions of persons directly interested in the subject in each 
district could be obtained. A questionnaire indicating the 
information required was drawn up and the sub-committees 
appointed. At last the reports of these sub-committees are to 
hand and'the whole position can be considered at the forthcoming 
Conference. 

As indicated the subject is one of the greatest economic 
importance to the Island and it is hoped that m;iny will give it 
.serious reflection and come to the Conference prepared to put 
their own ideas forward, hear those of others, and together 
devise ways and means for the progress of the rice-growung 
industry which would not be without a great influence upon the 
prosperity of the Island. 
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THE CULTIVATION, CURING AND 
MARKETING OF TOBACCO IN THE 
JAFFNA PENINSULA 


N. SENATHIRAJA, 

MANAGER. EXPERIMENT STATION. JAFFNA 


T WO main types of tobacco arc grown in the Jaffna Penin¬ 
sula. One type known by cultivators as “Tattayan,” 
is mainly used for cigar making but is, on occasion, 
with slight modification in the curing process, sold in 
Ceylon for chewing purposes. The other type is known as 
“Naramban” and is exported to the State of Travancore where 
it is used for chewing. 

In addition to these there is an intermediate type known as 
“Kooran” which finds a market in Ceylon for both smoking and 
chewing. The name Kooran is in some localities ‘applied to 
certain varieties of both Tattayan and Naramban. 

The Tattayan leaf is long, narrow and pointed; the Naram¬ 
ban leaf is broader, darker in colour, and much more crinkled at 
the base, also the internodes of the stem are shorter than in the 
case of Tattayan. 

Tattayan is principally grown in Tenmaradchi, Pachchila- 
pali, V'ailamar idchi East, Vhidamaradchi West and tkie Jaffna 
Maniagar’s Division, while Naramban is principally grown in 
Valikamam East, West and North. Kooran is the term used 
for the tobacco grown in the Islands Division and elsewhere. 

Of both Tattayan and Naramban a number of varieties are 
made. Kullayan is a type prepared both for smoking and for 
chewing in the Southern and Western provinces of Ceylon. 
Maviiay Kooran is prepared for cigar making for local con.sump- 
tion and for despatch to other parts of the Island. Kullayan 
and Mavilav Kooran are varieties of Tattayan, but the. fir.st term 
is also used indiscriminately for a type of Naramban. 

Muthilaipurakkan, Tholan, Charavalam, Tenna Mattay 
Naramban, Chonayan and Vella Chonavan are varieties of 
Naramban .sold for export to Travancore for chewing. 

Probably the largest area of tobacco is cultivated in garden 
lands, the nurseries beinp' sown between the end of September 
and the middle of November. In .some localities, however,- as 
in Valikamam West, tobacco follows a paddy crop, and in this 
ca.se, the nur.series will be .sown in January or February. Apart 
from this there is wide divergence of season according to locality. 
As a rule, there is no fixed season for tobacco. 
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I'he method of cultivation of the two main types is generally 
the same except in the case of Naramban, where heavier manur¬ 
ing is adopted since a larger and coarser leaf is required. The 
seed is sown in well prepared nursery beds which are manured 
with well rotted cattle manure at the rate of 2 baskets per bed 
of 3 X 3 feet. One ounce of seed sown in four such beds is con¬ 
sidered sufficient to provide plants for one acre. The beds are 
shaded with cadjans and kept moist but not too wet. The seed 
usually germinates in 7 days and the shade is then removed. 
The plants will be ready for planting in about 6 to 8 weeks from 
the time of sowing. 

The land is usually ploughed four or five times or hoed with 
mamoties once or twice. Cattle are penned on the land at the 
rate of 1,200 per acre and about 12 cart-loads of green material 
per acre are dug in. The green material usually consists of the 
leaves of the Tulij) tree {Thespesia populnea) but in some locali¬ 
ties where the.se are not available jungle creepers and small 
bushy plants are carted for long distances from jungle lands 
near Pallai. In addition to the above treatment sheep or goats 
are sometimes penned on the land and a further application of a 
compo.st of cattle manure and rubbish may also be given. 

The young plants are transplanted from the nur.sery in the 
evening. I'hey are put out into small holes 3x3 inches which 
have first been well soaked with water. They are at once shaded 
with leaves, usually manioc leaves. It is a common practice to 
plant outrtwo .seedlings in each hole. Later, one of these seed¬ 
lings is removed and either used for filling vacancies or sold. 

For the first three days the plants are watered twice daily 
from chatties and from the third day, until irrigation commences, 
one watering is given per day. 

About a fortnigiht after transplanting the ground is usually 
hoed and weeding is done round the plants. Well powdered 
cattle manure is then applied in handfuls to the base of the plants 
followed immediately by a watering. About a fortnight later 
the land is hoed again and beds and channels prepared for irriga¬ 
tion. This is u.sually from wells. A well sweep, worked by two 
to four men according to the depth of the well, is the usual lifting 
agency. A number of Persian Wheels and “Double Mote” 
water lifts have now been installed in the Peninsula and are in 
the main giving satisfactory .service. Irrigation is u.sually given 
once in three to four days during rainless periods and is con¬ 
tinued till about a week before harvesting. 

Topping is performed when the plants have put out 10 to 13 
leaves. The operation consi.sts in pinching off the growing point 
with the finger and thumb. Topping results in a vigorous 



growth of suckers which are removed by hand one in about every 
ten days. Usually four to six suckerings are thrown out before 
harvest. 

The plants will generally be ready for harvesting about 
three months after transplanting, f.c., about six weeks after 
topping. The following signs indicate maturity: the leaves turn 
yellow and brittle, a gummy substance develops in the leaves and 
numerous “sun spots’’ begin to a})pear. 

I'lhe harvesting and curing of Tattayan tobacco is as follows; 
rhe entire plant is cut in the morning and after being left in the 
sun for two or three hours is brought into the curing shed. The 
leaves, with the portion of the stem to which they are attached, 
are cut off in the evening and hung up by the stalk-end in an open 
shed. On the third day the leaves are taken down and packed 
tightly into a circular [)it in the ground about 3^ feet in diameter 
and 3 feet deep. The pit is lined with plantain leaves. The 
tobacco leaves are laid with the stalk-ends in the centre, well 
trodden in, covered with palmyrah leaves, and weighted down 
with large stones. The tobacco is thus left to ferment for two 
complete days at the end of which it is taken out, turned over and 
put back in the pits again for another two days. The leaves are 
then tied together by their tips into bundles of five, hung up in a 
smoke curing shed and smoked for one night only. Coconut 
sihells provide the usual fuel for smoking but some cureVs hold 
that a better Havour can be obtained by the use of lluppai (Bassia 
longifolia) leaves, or the skins of palmyrah fruits. After 
smoking the leaves are hung in an air curing shed till the mid-rib 
is thoroughly dry. Ihey are then bulked ready for sale. The 
desirable qualities in a cured Tattayan leaf are; 

(1) Softness and flexibility, 

(2) Flavour, 

(3) Good burning, leaving a large quantity of white 
ash. 

Two systems of marketing are in practice: (i) the curing is 
done by the cultivator as described above and the leaves are sold 
to a dealer by the thousand leaves. The {irice has been as high 
as Rs. 50-00 per thousand leaves, (ii) The. dealer may value 
the standing crop in the field and, if his offer is accepted, he cuts, 
removes and cures the crop. The dealer’s object in this case is 
usually to continue haggling about the price till the crop has 
reached full maturity and harvesting can no longer be delayed, 
thus hoping to beat down the cultivator. 7'he price for standing 
Tattayan tobacco has been as high as Rs. 150-00 per thousand 
plants. 
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In harvesting and curing Naramban the following procedure 
is used: When the plants are mature the leaves are cut off 
together with the section of the stem to which they are attached. 
I'hey are allowed to lie in the held for three or four hours and 
are then brought in and heaped up near the smoke curing shed. 
The heap will contain as many leaves as can be hung in the 
smoking shed at one time, usually about 1,500. On the third 
day the leaves are made up into bundles of five, tied together by 
the tips and hung on to the latihs in the smoke curing shed. The 
leaves are smoked for twenty-four hours. After this second 
smoking the leaves are examined and those that still show a 
succulent rnid-rib are subjected to a further short smoking. When 
smoking is complete the leaves are hung in an open shed till all 
the “veins” are thoroughly dry. I'he leaves, as they dry out, 
are removed from the shed and bulked till sold. The smoke 
hou.se is a small circular room about 10 feet in diameter with mud 
walls 3 feet to 4 feet high. The interior is dug down 1 foot to 
2 feet into the ground. The leaves are suspended from a ceiling, 
consisting of an open framework of laths. Above this is a 
cadjan roof. The small inferior lower leaves of this tobacco are 
treated separately. 'I'hey are tied together in rough bundles and 
spread over the above-mentioned framework of laths when 
smoking is in progress d'hey thus obtain a rough smoking 
themselves and serve to check the too rapid egress of smoke 
from die smokehouse. These leaves are then dried in the same 
manner *as the good leaves. .Such leaves are not exported to 
Travancore but are sold in Ceylon, mainly in the Kandy and 
Gampola districts, for chewing. 

The desirable qualities in a good Naramban leaf when cured 

are: 

(1) Large size 

(3) Thorough dryness 

(3) Thickness. 

As in the ca.se of 'l attayan the cultivator may either sell his 
Naramban tobacco as a standing crop by the thousand plants 
or the cured leaves by the thou.sand. Prices have ranged 
around Rs. 150-00 per thousand standing plants or Rs. 45-00 to 
Rs. 50-00 per thousand good, cureil leaves. Tobacco for export 
to Travancore undergoes a very much more complicated process 
of handling than tobacco for local consumption. The tobacco 
w'hen cured by the cultivator is generally sold to the Jaffna 
merchant. On arrival at the merchant’s godown the leaves are 
graded according to thickness ami size. Usually seven grades 
are made: 4,500 to 5,000 leaves of the best grade will go to make 
up a candy of 600 Jb. of tobacco, while as many as 15,000 will be 
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required of the lowest grade. After grading, the tobacco is 
made up into rough bundles and weighed. It is then sprinkled 
with salt water and bulked for one day. There is said to be a 
great art in this j^rocess of sprinkling with salt water and the 
source of tlhe water is also considered important. Water from 
the Jaffna lagoon is said to be the best, while water taken from 
the .sea at a place like Kankesanturai would, it is said, spoil the 
tobacco. After bulking, the leaves are tied up into neat bundles 
with palmyrah ekels (leaf rilts). These bundles are then bulked 
in heaps of 1,000 bundles each for from eighteen to tw'enty days, 
[he tobacco is next made u[) into neat [)ackages weighing 75 
pounds, enclosed in palmyrah matting and carefully corded up 
with coir rope. .Such a package will contain between si.x ami 
seventeen bundles of leaves according to the grade and is known 
as a “Chipam.” 

'['he Jaffna merchant reckons that this somewhat elaborate 
handling and packing costs about Rs. ^0-00 per candy. I'he 
tobacco thus packed, is shipped to the ports of Quilon or Allep[)ey 
in IVavancore. There are four brokers at the former and two 
at the latter port, and all the Jaffna tobacco jiasses thrcnigh their 
hands. Ihese brokers sell the tobacco on commission to 
merchants and retail dealers in I ravancorc and advance money 
to the Jaffna merchant. 1 he broker’s commission ranges from 
Rs. 10-00 to Rs. 15-00 per candy according to the grade. 

d’he crop has realised up to Rs. 800-00 per candy for the 
best Jaffna toltacco whereas its rival, the Coimbatore tobacco, 
reali.sed only about h;df that price. .At the pre.sem time the 
annual imj)ort of Jrdfna tobacco is limited by the 'J'ravancore 
Ciovernment to 5,745 candies, of which, Jf,745 candies may be 
landed at Quilon and 2,000 candies at Alleppey. 

I'he curing of Kooran U)bacco for sale in Ceylon for chew’ing 
apftears to closely resemble that described for d'attayan. I'he 
whole plant is cut, the sharp end of the stalk thrust into the 
ground and the plants left in this state for two or three hours. 
Thcw are then brought in and hung up by the stalk-end in an 
open shed for a day. The leaves are then cut oft with the section 
of the stem to which they are attacheil, sprinkled with sweet 
toddy and bulked in heaps for two ilays. They arc then tied 
together in bundles of live leaves by the tips, smoked for a day, 
hung in an open shed till they are dry and finally bulked till sold. 
Firewood is generally used as fuel for smoking instead of coconut 
shells. 

Three common sy.stems of rotation including tobacco are 
practi.sed in garden lands; 
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(1) Tenai {Setaria italica), 
followed by 

Manioc (the cuttings having been planted 
amongst the Tenai), 
followed by 
Tobacco. 

(2) Fenai or Samai {Panicum miliare), 
followed by 

Kurakkan, 
followed by 
Tobacco. 

(3) Chillies, 
followed by 
Tobacco. 

Sometimes tobacco is interplanted with other crops such as 
plantains or chillies. 

When it is intended to establish |)lantains the suckers are 
frequently {)lanted in the months of March, April or May, 
amongst standing tobacco, but in this case tobacco will not be 
grown again on such land for at least five years. Where chillies 
are to follow tobacco the .seedlings are often planted amongst 
tobacco just before tlie harvest of the latter. 

The following statement of cultivation and profit has been 
compiled; 

(1) Manures and Ap|)lication: 

Rs. Cts. Rs. ('Is. 

Penning 1,280 head of cattle for three months 160 00 

8 cart-loads of green leaf ... 40 00 

Cattle manure ... ... 40 00 


Penning 4,000 sheep 

60 00 

300 00 

(2) Preparatory Cultivation: 

Hoeing with mamoties 

5 00 


Three ploughings 

6 00 


Hoeing and levelling 

10 00 

21 00 

(3) Nurseries and Transplanting: 

Seed and sowing 

10 00 


Transplanting 

4 00 

14 00 



9 


(4) After Cultivation and Irrigation: 



Rs. Cts. 

Rs. Cts. 

Pot-watering 

12 50 


Hoeing and making irrigation channels 

10 00 


Topping and suc'kering 

4 00 


Irrigation 

64 00 


Harvesting 

5 00 

95 50 

Total 


430 50 

Value of produce for one Acre: 



4,000 plants at -/15 cents 

600 00 


Trash 

20 (K) 


Suckers 

20 00 


Stumps 

8 00 

648 00 

l.ess cost of production 


430 50 

Nett profit 


217 50 


The average yield for 'Fattayan tobacco is given.as 20,000 
good leaves and 10,000 inferior leaves. The average for 
Naramban is somewhat less since the plants are topped lower 
and the inferior lower leaves are removed early and not taken 
into account. 
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AN EXPERIMENT WITH UREA IN 
TEA FIELDS* 


E. C. MARSH-SMITH, 

YUILLEFIELD GROUP. HATTON 

T he following are later records of the tea plants treated 
with urea when young, as described in an t^arlier article. 
These measurements of the plants were taken on May 
1st, 1930, by which time many plants were of a large 
size (3 feet or more). 

No. oX Total Previous Increase 

Plants height height % 

Controls 49 1088 808 344 

Urea treated plants 15 304 288 264 

1 he percenttige-increases since the hrst two measurements 
given in my hrst article have been: 

Second Third Fourth Fifth 


measurement measuremeiU measurement measurement 
Controls 49 15 59 344 

Urea treated plants 52 33 102 264 

The variations have been uniform except the last lot where 
the controls showed greater improvement thtin the urea treated 
plants. 

The decrea.se in the rate of growth of the urea treated plants 
may be due to the fact that instead of getting a su|)ply of urea 
after two or three months, as previously, they have been left 
about’seven months. Or, possibly the earlier rapid increa.scs 
may have been due to the stimulant of nitrogen in the very poor 
soil which later {)o.ssibly required potash and phosphoric acid to 
restore the balance. 

It was not possible to carry out the counting of leaves and 
branches as the plants were rather large and the time could not 
be given to the work. Nor was it possible to make the numbers 
in each line equal. 1 doubt very much if any of the urea solution 
ever reached the control fdants during the first six months, but 
later, as root growth developed this may have happened. 

I'he total increases in average growth have been: 

Control 9^ inches to 2l2| inches to date. 

Urea treated plants, 9 inches to 24.^ inches to date. 

All the plots now show a very healthy a[)pearance, and 
growth in them is well above the average for the estate. The 
plants, many of which are over 3 feet high and well branched, 
are about 20 months old and with light lung-pruning should be 
in partial bearing in three mf)re years. 

'Fhe treatment is not to be continued as the plants are well 
established. 

* Results of fiiiliii i- experiinents willi referenoe lo those"7nri)Tiiairrr"iTf/T~7>f^^ 
Agricult December 1929, p. 367. ’ 
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CROP AND WEATHER DATA IN INDIA AND 
THEIR STATISTICAL TREATMENT' 

Part I 

INTRODUCTION 

T HK broad problem of fhe determination of the total crop produce of 
any country resolves itself into two distinct subsidiary pro)>lems, 
firstly the determination of the area sown with each type of crop 
and then of the yield of each crop per unit of area. Where, as 
in many European countries, the area of land sown to dilferent 
crops has a small amount of variation, and that mostly of a secular character 
referable to economic causes, such as the migration of labour or a change 
in relative pric es, tlie dependence of the area sown on meteorological con- 
dilitins is apt to he obsc ured. 1'he result has been that atlentio’i in Europe 
and even in America has been drawn t'hiefly to determining the elTec't of 
weather on the growing crop —a problem of plant reaction to‘meteorological 

environment-.-rather than to the almost equally important problem for 

India of the human rc'ac'tion to weather conditions whic'h fietermine-i the 
area which tlie cultivator will sow to the various kinds of crop. 

'I'hus Sir A. D. Idall has summed up the nature of th(‘ hrsi prohlcan in 
an article in the “International Review of the Sc'ienre and practice of 
.‘\gri('ullun.‘,”t in which he says : “I'his broadly is the field of Agricultural 
Meteorology, ultimately to predict crop yields from the weather prevailing 
during their growth.” 

AGRONOMIC METEOROLOGY 

W'hile retaining, ther('fore, tin* title of agricultural me terologv for 
the problem thus delimited by Sir A. I). Hall, it is nec essary to emphasise 
the distinct problem of the effect of weather on the area sown, and I 
propose to call the siilijec't of this problem Agronomic Metvorology. 

AGRONOMIC METEOROLOGY A BRANCH OF AGRONOMICS 

Viewing the matter more particularly from an Indian standpoint we 
may say that the task of Agronomic Meteorology is to examine the effc'c ts 
of climate and weather on the area scjwn to different crops, the intermediate 
links being the effects of climatic' c'onditions on the area of land available 
for the plough, the effects of climate and weather on the physic al condition 
of the soil and the human estimate of that condition, c'lncl on the energy of 
man and beast in carrying out agricultural operations, 'riuis Agronomic 
Meteorology will he a small branch of Agronomic s proper whic'n w ill have 
in itself a good deal to say on the effect of forms of land tenure, indebtedness 
of the agricultural population, and above all on the (effect of varying price 
levels on the areas of land which are sown to different crops. While, 
therefore, Agronomic Meteorology will concern itself particularly with the 

* Ry S. M. Jacxib, l.C^S, (Kt'Ul.). RoprinircJ Ironi th«‘ /Ikiricultural Jounuti of India, 
]uly 1927, for the A^^riculiurnl S^ciion ol tbi- ('ont« (•) b.mpirf' 1929J 

t Halt, Sir A. I). A^^ri. rnrO'oroio^^y as a fjrM for 'nivesii^^nion. hit, Rn\ of tf 
Sci. and rractin' of N.S.I., No 2; Aprii, Junr 1923- 
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direct effect of rainfall, temperature, sunshine and winds in inducing the 
cultivator to bring varying amounts of unirrigated lands under the plough 
or of increasing or restricting* his use of artificial sources of irrigation, it 
will, nevertheless, be forced to take account of Agricultural Economics 
generally, and the investigator will have to be on his guard against corre¬ 
lating with changes in the rainfall, say, the area sown to wheat, without 
having regard to the variations in wheat prices at sowing times as compared 
with prices of other foodstuffs. 

Again, the effect of population, both human and bovine, on the areas 
sown in different regions is necessarily very marked, and these populations 
in their turn are dependent on the distribution of favourable climatic 
conditions. A striking- example of the dependence of population on rainfall is 
afforded by the general correspondence of the lines of population density 
in the pre-colony days in the Punjab with the isohyets or lines of ecjual 
(annual) rainfall, t Where, as in North-West India, canal irrigation has 
been highly developed, the eflect of rainfall will have to be considered in its 
relation to the water-supply at the head works, in relation to the “duty*' 
or acreage of crops per cusec discharge, and in certain alkali-ridden or 
w^ater-logged areas, in relation to the definite diminution of the area of 
culturable land. 

It is apparent, then, that Agronomic Meteorology is confronted by a 
very heavy task.J 

RELATIVE IMPORTANCE IN ESTIMATES OF 
CROP-PRODUCTION OF AGRONOMIC 
• AND BIOLOGICAL VARIATIONS 

In many countries there is so little variation in the area under 
different crops or in the totality of crops from year to year that the 
meteorologist is inclined to think that his forecasts are valuable only 
because they enable the farmer or trader to visualise the eft'ects of weather 
on the growing crops, and the significance of the weather in determining 
whether the crops are ever sown at all is apt to be lost sight of. 

In India the variations in the areas sown are hardly less considerable 
than the variations in the yield per acre, and that both are important is 
shown by the following figures for the area and yield pf wheat for the Punjab 
for the 24 years 1899-1922. To eliminate the effect of secular change the 
period is divided into two groups of 12 years each, viz., 1899-1910 and 
1911-22: 

* This ctFoct of rainfall in diminishing the use of irrigation water is a first o’-der effect 
and a high correlation has been obtained (Jacob, S. M. Correlation of rainfall and the 
succeeding crops with special reference to the Punjab. Mem, Ind. Mot, Dept,, XXI, pt. 
XI\\ 1916). Small wonder that this should be so, as setting aside the additional labour 
involved in artificial irrigation the Indian cultivator compares well-water to goats* milk and 
rain-water to mothers’ milk. 

t Middleton, L. M., and Jacob, S. M. Census of India, 1921, Vol. XV—Punjab and 
Delhi, Pt. 1, pp. 110-111. 

X Descriptive has to precede quantitative analysis, and no statistician can safely work 
at the problems of Agronomic Meteorok>gy without a clear grasp of the complications of 
rural economics. For the Punjab the works of Calvert {Wealth and Welfare of th^ Punjab) 
and Darling {The Punjab Peasant in Pro.^perity and Debt) serve this purpose well. 
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Punjab Wheat (British India only) 

Yield in millions Area in millions Yield per acre 


Year 

of tons 

of acres 

I— 

in tons 

1899 

1*77 

6*96 

0*25 

1900 

1*67 

5*68 

0*29 

1901 

2*62 

7*67 

0 34 

1902 

1*83 

7*23 

0*25 

1903 

2*30 

6*99 

0*33 

1904 

3 06 

111 

0 39 

1905 

2*84 

I'll 

0*37 

1906 

3*50 

8*57 

0 41 

1907 

2*63 

9*65 

0*27 

1908 

2*21 

7*39 

0*30 

1909 

3*00 

8*40 

0*36 

1910 

3*27 

8*68 

0 38 

.\veka(;e i\ 1899-1910 




1911 

3 29 

8*88 

0 37 

1912 

3*37 

9*72 

0 35 

1913 

2*86 

8*77 

0*33 

1914 

3 24 

8*47 

0*38 

1915 

3*16 

9*92 

0*32 

1916 

2 17 

8*99 

0*24 

1917 

2*56 

9*47 

0*27 

1918 

3*00 

9*93 

0*30 

1919 

2*61 

7*68 

0*34 

1920 

3*40 

8*81 

0 39 

1921 

2*03 

7*47 

0*27 

1922 

364 

8 79 

0*41 

AVERA(iE IN 1911-22 

2 94 

8 91 

In *33 


The amount by which the fig’ures of area and of yield per acre vary 
from vear to year is shown by the coefficient of variation, which shows the 
peu'centag'e amount bv which, on the avera^i^e, the yearly fij^’ures differ from 
the mean of each of the j^roup of years. 1 hese are as follows : 

Coefficients of Variation of Area and Yield per Acre for Punjah Wheat 

For area sown in For yield per acre 
Years acres in tons 

Per cent Per cent 

1899-1910 ... 12-6 16T 

1911-1922 ... 15 4 

I hus for wheat in the Punjab there is certainly a greater variation in average 
yield per acre from year to year than there is in the year to year* area sow n 
to wheat, yet the variations of the areas sown are very considerable, and 
it is important to determine the causes which produce such variations i’l 
area and to estimate the change in advance from known (or forecasted) 
economic and meteorological conditions. This is the function of agricultural 
economics and will be that of agronomic meteorology in particular. 

In the data just given for wffieat, unirrigated and irrigated soils have 
been taken together, but, as w^e naturally expect, the variation in the areas 
of unirrigated crops greatly exceeds that for the lands whose crops are 
stabilised by the presence of wxlls or of perennial or even short-term canals. 
Thus for th^ 20 years 1901-20 (inclusive) the average irrigated area of sown 
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crops in the Punjab was 11*29 million acres with an annual variation of 8*8 
per cent., while the unirrigated crops averaged 16*45 million * acres with an 
annual variation of 17*5 per cent., or nearly exactly double the variation on 
Irrigated areas. For unirrigated areas then the problems of agronomic 
meteorology become more important than ever. 

If we take the figures for the whole of India* the annual variation of 
the area under wheat, 10*3 per cent., actually exceeds, if the figures are 
accurate, the variation in the average yield per acre, which is only 7*8 per 
cent, for the 13 years 1909-21 (inclusive). 

7'hough the figures for yield are open to doubt, as we shall note later 
on, at any rate they suggest that taken as a whole the problem of the deter¬ 
mination of the area sown affects the final result—the total yield of each 
crop—to the same general extent as the yield per unit of area. Thus for 
India, at any rate, the sciences of agronomic and agricultural meteorology 
are equally important. 

STATISTICS OF SOWN AREAS 

From the meteorologist’s viewpoint, therefore, there Are two peak 
problems in surmounting which he can afford help to the agriculturist. These 
I have ventured to distinguish as the problems of (1) agronomic and (2) 
agricultural meteorology, respectively, and the foregioing considcratiotis 
have been adduced to show that the two problems are of co-ordinate 
importance if the total crop yield of a district, of a province, or of the 
whole of India is to be determined. 

It is now necessary to consider to what extent Indian agricultural 
statistics are reliable, and if so to what extent they are relevant to the issue 
raised by these two problems. The general method of collating statistics 
of area and crop yield in India have been described by Rai Bahadur D. N. 
(iho.*»h,t and his statement that there exists ... an agency capable 
of reporting the acreage of crops with great accuracy, wherever fields 
have bee*n mapped and surveyed,” is guarded a.nd correct. Speaking only 
of the conditions of which I have first-hand knowledge, I say without 
hesitation that! the areas of the various crops in the Punjab are recorded, so 
far as sown areas are concerned, with an error of probably less than 2 per 
cent, and possibly as little as 1 per cent. This accuracy will only 
apply to the totality of sown areas in each village or to those crops which 
are sown singly ; when mixed crops, such' as wheat and gram or barley and 
gram, or strips of hemp on the borders of a sugarcane field, are recorded, 
the revenue agency has to guess the proportion of each (Top, and it is 
doubtful whether errors of 10 to 20 per cent, or more are not made in many 
cases for individual fields, though these errors may not affect district or tehsi) 
totals to the extent of more than 5 per cent, for each individual crop. It may 
be noted, too, that as the total sown areas are very accurately known for 
each village, the excess area assigned to one crop will be offset by a defect 
in area assigned to the crop with which it is grown. Thus in seeking for 
the traces of causation between meteorological factors and areas of crops, 
we can count on very accurate figures of the latter (except for permanently 
settled tracts such as Bengal), though we must be prepared for possible 
errors of as much as 5 per cent, in the areas of individual crop-» which are 
grown mainly or largely as mixed crops. 

THE FIRST TASK OF AGRONOMIC METEOROLOGY 

In its theoretical aspects Agronomic Meteorology should no doubt 
consider all the effects that variations of climate and weather h :ve on the 
economics of agriculture^... 

* Int. Year Book of Agri. Stuiis.,- 1909-21, pp. 34, 35, ‘88, 39. . 

V GfiodhV D. N.'Crop f’eponing ih Indict India, XIX, Sept. JWli 
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In the first instance, however, and for sternly practical and utilitarian 
objects. Agronomic Meteorolog^y should concern itself with the broad problem 
of determining* the exact way in which rain, temperature, humidity and 
,sunsnine a.t dilYerent times affect the area sown at each harvest. The total 
areas sown, and more particularly the areas sown to each kind of crop, are 
the desiderata. 

In mathematical languag^es the effect of meteorolog^ical ('onditio’is on 
sown areas is a first order effect, but there will be many effects of the second 
order whic!) inigdil vitiate conclusions unless they wLtv taken into account. 

UNIRRIGATED LAND 

The leading’ case is the effect of rainfall on sowings in unirrig-ated areas. 
For ('xample, the writer^ has found that Aug^ust, September aid October 
rainfall all increase the sown area of wheat in the Dona Charhda Circle of 
the jullundar Distric t in the Punjab, the effect of 1 inch of rain i \ October 
beings equivalent .to that of S inches in September and to nn less than 
18 inches in August. If we multiply the actualh ciccurring* rainfall by tu. J 
and I for the* month of August, September and October respectively and 
then compare the total “weighted'* rainfall with the sown areas (')f wheat, a 
fair correspondence is found which is expressible by a simple formula. Yet 
we must clearly examine the discrepancies more closely by examining (1) the 
rainfall in finer groupings, say of weekly divisions, (2) the* temperature (3) 
the subsoil moisture, and (4) grain pric:es, both as affecting the purchase of 
seed and the promise of profit. All tlicse factors immensely affect the 
prac tic'al farr’icr and determine the area which he sows to a particukir crop. 

WELL-IRRIGATED LAND 

In a great part of India irrigated and unirrigated land are found in the 
same village, and the* problem of Agronomic: Meteorology bec:c^Ties an 
extremely nice one, as favourable weather means additional so^wings on 
unirrigated soils, but throws out sowings which depend on irrigation. For 
c‘xample, the following effects of an inch of rain above the average on wheat 
sowings have been found for llic Dona Charhda Circle for the years 1886- 
1915 inclusive : 

.\n additional inch of rain Adds to the unirr'gatc^d Diminishes the well- 

above tile ave»'age in sown area of wheat irrigated area of 

wheat by 

Percen t age t Percen t age t 

August ... 630 acres 1’4 570 acres 3 

September ... 2,300 acres 5 750 acres 4 

October ... 11,400 acres 25 4,300 ac?res 23 

On balance the additional rain is (in general) favourable to increased 
sowings, l)ut the relationship is by no means a simple one, and for raitffalls 
whicth differ much from the average the above figure's would have* to be 
considerably mcxlificd. 

CANAL-IRRIOATED LAND 

The same phenomenon of diminution of irrigated areas of crops with 
favourable weather (Conditions is well realised bv canal engineers. The 
converse effect of the increase of canal-irrigated crops with diminishing 

* Jacob, S. M.—Con*f*tali<)n of rainfall an<l (hr* succf»cdinj» cr<)p«; with special 
r^?ference to the Punjab. hui. Met. Dcpl,, XXI, Pi. XI\ , 1916. 

t I'hesc are pcrccntaijes on the uvrra^jo unirrif^ated and uvera^^e weU-irrigated 
SOWS) areas for the Assessment Circle. 
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rainfall is a limited one, as there comes a stage when there is unsufficient 
rainfall to give a fyll discharge to the canals. The following problems of 
Agronomic meteorology are important for canal-irrigated lands : 

(a) What is the quantitative law connecting weather conditions 
with the ^treas of (1) irrigated, (2) unirrigated crops in 
“commanded” tracts? 

(h) What are the optima weather conditions for a high “duty” in 
the spring and autumn harvests? 

There is a vast store-house of valuable statistics in the records of the 
Irrigation Department,* and much expert knowledge too among the 
individuals of the department. But statistical sifting is needed, and the 
hgurcs should be studied from the Viewpoints of meteorology and agri¬ 
cultural economics 


Part II 


AGRICULTURAL METEOROLOGY 

I trust that it is clear that the sphere of Agronomic Meteorology is 
entirely distinct from that of Agricultural Meteorology. 7'he former is 
concerned with the weather conditions which induce the cultivator to plough 
and sow land or to refrain from ploughing and sowing it or affect his 
capacity to do these things; the latter science has to deal 'with the 
problem of the reactions of the plant, once the seed is sown, to the weather 
conditions, whether these are represented by the integrated effects of rain 
and sunshine and so forth prior to seeding, or to the meteorological factors 
('urrent during grow'th. A very considerable literature has sprung up on 
the subject since R, H. Hooker—the pioneer in applying to the proh’em 
the method of correlation—investigated the subject in 1907. t The method 
of (on elation is by no means the onlv wav of attacking this problem even 
from the ^statistical side, but its vitality is shown bv the remarkable series 
of coefficients obtained in a further research by HookerJ in 1922. The 
sequences of the same sign for the coefficients of 8-weekly periods associa¬ 
ting the yield and the rainfall and temperature are at least as striking as 
the absolute magnitude of these coefficients. The following table shows the 
actual number of “runs'’ of the same sign of partial correlation coefficients 
obtained by Hooker and the number of “runs” which we should expect if 
chance alone were at work : 


in the sequence of sign in correlation coefficients found by 
R, H. Hooker in 1922 
Runs of length 2 3 4 

Yield and rainfall 8 1 4 

Yield and temperature 13 5 5 

Yield and 

“spurious” causes 12 5 5 2*5 


5 

4 

0 

11 


6 

0 

2 

0*5 


7 

1 

1 

0-2 


The occurrence of long “runs” of the same sign in the sequences of 
8-weekly coefficients for the dependence of yield on rainfall and temperature 
differs markedly from expectation if chance al one had determined the 

In particular I hav^fi in mind the series of records of all •itfriniif,,,''.! *• 

+ Hooker, R. H. /our. Roy. .<;tatis. Soc., dated 15lh January, 1927, 
t Hooker, R. H.—/o«r. Roy. Met. Soc., XLVIir, 1 927 . 




THE TROPICAL AGRICULTURIST, 
VOL. LXXIV, No. 1. 
page 7, table IV. 

Read “ Crotalaria unlopped ” in place of ‘ 
unlopped ” and “ Crotalaria lopped ” in place of ‘ 
lopped.” 


‘ Gliricidia 
Glmcidia 
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*Vuns/’ and we are clearly in touch with true causation.* What the 
method of correlation may effect is further emphasised by workers in 
.America. J. Warren Smith,t who has been a worker in this field since 1911, 
has recently determined a “weather index” of factors injurious to plant 
j^row'.h, and finds a correlaiion between that index and the yield for oats, 
maize and cotton which exceeds 0‘9 in absolute value. 

Other methods are now being^ evolved, notably by R. A, Fisher, + and 
he has undoubtedly put his fin|^er on a weak spot in the metfuKi of 
correlation. § 

However, there is no need now’ll to defend the application of statistical 
methods to the problems of agricultural meteoroloji^y, as its value has been 
recognised by such authorities as Sir A. D. Hall (loc cif.) and Sir E. J. 
Russell.The point that is one of concern is as to how far Indian sta¬ 
tistics are going to throw light on the connection of weather conditions 
and yield. 

OFFICIAL STATISTICS OF YIELD 

I'he main sources of yield data in India are : 

(n) Records of (’rop experiments, carried out by the Government 
revenue staff, during settlement operations and during the 
routine of district administration. 

(h) Records of “failed” crops, wffiich are noted by the village 
revenue agency from a field-to-field inspection of the stand¬ 
ing crops just before harvesting. These records are available 
for about 30 years in the Punjab for most of the principal 
crops and for a longer period for groups of crops, •such as 
well-irrigated, canal-irrigated and unirrigated crops? in certain 
districts. 

(c) Records of Agricultural experiment stations. 


iVarson’s tfst of “j^oodness nt fit** (if it is applicable to such cases of discrete 
Irequency) shows that the odds against such “runs'* being due to chance arc over 
7,000 to 1 against for the rainfall coefficients and over 17,000 to 1 against for the 
temp<*rat ure coefficients. 

f Smith, J. Warren.—Influence of weather on the yield of crops. Mon. Weather 
Fev,, No. 50, Pt. II, pp. 507^72, 1922. 

{ Fisher, R. A.—^The influence of weather on the yield of wheat at Rothamsted. 
Phil. Trans. Poy, Soc., Series B, Vol. 213, 1924. 

§ Namely, that as you correlate yield with finer and finer time divisions of rainfall 
or what-not, the coefficients tend towards zero. 

il Various workers in India have now applied statistical methods to elucidate, the 
results of crop experiments, of whom F. R. Parnell for data for Coimbatore 
Jour, India, Oct. 1919), O. T. Faulkner for Lyailpur (.d^cri. jour. India, Sept. 1921), y 
and IL N. Sarkar (Agri. Jour. India, Sept. 1923) and P. C. Mahalnnobis (Agri. Jour.,/ 
India, March, 1925) for Ranke are the most notable. Things w^ere different in Indi 
ifi 1916. 

If Russell, R. j.—Present-day problems in crop production. Agri. Jour, ' 

Jan., 1925. 
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(d) In addition, reference should be made to the official Season and 
Crop Reports, which give the estimates of yield of some 
important crops, such as wheat, sugarcane and cotton, pre¬ 
pared by Directors of Agriculture or Land Records or reports 
furnished by the local revenue and agricultural officers, 
modified by the former according to their individual judg¬ 
ment.* 

VALUE OF INDIAN CROP YIELD DATA 

As to (a), I tried some years ago to collate data, but found the series 
very incomplete. Further, the district figures of yields are mostly intelli¬ 
gent guesses of what the Naib-Tahsildar thinks will meet with official and 
local approval, A rather careful crop experiment carried out in the Delhi 
District was turned down by the Deputy Commissioner because the yield 
was, in his opinion, impossible. Few district officers would critically 
examine, much less supervise, the actual experiment, unless they had been 
Settlement Officers. The results of crop experiments made during settle¬ 
ments would repay closer examination, but even these would only give a 
discontinuous series. 

As to (h), the data, if cautiously handled, would give some useful 
quantitative results. In one case the “failed” area was found to have a 
correlation of 0*91 with the antecedent distribution of rainfall. If, however, 
these data were worked on, it would be necessary to find a suitable yield 
to replace the conventional percentage of “failed” crops. This could be 
done approximately by comparing the percentage of failure in a year of 
“normal” climatic conditions in which the yield could be determined from 
source (c). 

As to (c), this is undoubtedly the most reliable though not the longest 
series of yields. It is open to the objection that it represents a specialised 
agricultural environment, but at the same time it is a very valuable guide 
to yield* all over India, 

As to#the Season and Crop Report yields, there is more than one reason 
for doubting their accuracy except in a rough qualitative sense. Provin¬ 
cial yields are based on the guess-work, intelligent or otherwise, of various 
officials. Even expert agricultural officers may make averaf^e errors of as 
much as 25 per cent, or more in estimating the yield of crops on fields 
with the yield of which in previous years and with the detailed agricultural 
treatment of which they are familiar! 

J. A. Venn has recently indicated the official British methods of crop 
estimating.! Two of the reasons he gives for doubting the estimntes of 
yields in Britain have a certain relevance as against Indian yield statistics. 
Thus he gives the following interesting table of the variation of yield of 
wheat in different countries for the 10 years (1910-19): 

* As individual judgments difTer, this definitely prevents the provincial estimates 
of output being cbmparablc ever a series of years, and it by no means follows, as 
has been sometimes assumed (Trevaskis, H. K. Wheat forecasts in the Punjab. AgrL 
Jour. Indio, May 1924) that the percentage error is of the same sign, much less of the 
same magnitude from year to year. Thus for the estimates of vic’d of wheat, cotton 
and sugarcane for which I was responsible for three years as Director of Agriculture 
(Punjab) I adopted a method of smoothing by drawing the isopelths of yield (one series 
for. irrigated and another for unirrigated crops) on a fairly , large scale, skeleton map of 
the province. Whether this method led to estimates of yield nearer the truth (as j 
anticipate) or not, it undoubtedly differed from the method adopts by my predecessors. 
Similarly the methods and “personal equation** of other officials due to individual 
optifhism or pessimism seems to me tc render the application of a uniform percentage 
correction to these particular estimates quite inappropriate. 

f Repi, of the Operations of the Dept, Agri,, Punjab, 1919-20, Pt. I, pp. 81-9. 

! Venn, J. A. An enquiry into British methods of crop estimating, Sco. Jour,, 
Sept,, 1926. 




Country 


Mean deviation of wheat 
yield per unit of area 


Denmark 


Per cent 

13*4 

Germany 


10*4 

Holland 


7*3 

New Zealand 


13*0 

Sweden 


10*6 

Switzerland 


11*8 

United Kingdom ... 


4*5 

England 


4*7 

Scotland 


4*5 

Ireland 


2*4 


'The mean deviation of the yield of Indian wheat for the same years 
(1910-19) is only 4*9 per cent.,* or little more than the 4'5 per cent, of 
variation which Venn considers, with some reason, to be improbably small. 

Likewise Venn’s opinion that the English yield statistics “refuse recog¬ 
nition to the plant-breeder” might be held also of Punjab wheat statistics, 
the yield per acre of the 12 years, 1911-22 being, according to the official 
figurec, exactly the same as of the preceding 12 years, 1899-1910.1 

Briefly, then, the only yield statistics in India which are really accu¬ 
rate are those of the agricultural experiment stations. The data provided 
by these stations must be carefully examined by the worker in Agricultural 
Meteorology. But he must be prepared for much disappointment, as only 
a very few experiments have been systematically conducted over a series 
of years to elucidate the effects on yield of such relatively simple causes 
as irrigation and subsoil moisture. 

Besides these the revenue records showing the “failed” area of crops 
have a good deal of significance and ought to be analysed in tferms of 
meteorological factors. If this work is carried on from the stage reached 
in 1916,1 the translation of figures of percentage failure (Kharaba) into 
bushels or pounds per acre, though not an easy task, is likely to furnish 
a useful basis for forecasting. 

SUMMARY 

I'o sum up, the variation in the out-turn of crops in India is a dual 
problem of the variation of the areas sown to each class of crop and the 
yield of the.se crops per unit of area. These problems are to be thought 
as of the fundamental ones of: 

(1) Quantitative Agronomics, of which Agronomic Meteorology is 
one of the most important branches and 

(2) Agricultural Meteorology. 

Agricultural Meteorology has recently aroused world-wide attention, 
and India’s climate with its well-marked features should make Indian crop 
experimental evidence suitable for interpretation. 

* The figure of the “coefficient of variation” previously given (viz. 7*8 per cent.) 
is for a slightly longer period and is, of course, calculated differently from the “mean 
deviation.” In a “normal” distribution the “mean deviation” is about Jths of the 
“standard deviation.” 

+ D. S. Dubey's calculation (A study of the Indian food problem.— Agri, Jour. Indian 
XVI, Pts. HI and IV) of an annual deficit of 7-8 million tons in food production below 
estimated requirements suggests that the production estimates may be too low. 

X Jacob, $. M.—Correlation of rainfall and the succeeding crops, with special 
reference to the Punjab. Afem, M, Met, Oept.^ XXI, Pt. XIV, 1916, 










Fairly favourable as conditions in India are for the study of Agricul¬ 
tural Meteorology, yet for the solution of the problems of Agronomic 
Meteorology the data provided by Northern India are unsurpassed in the 
whole world for the space and time they cover, their accuracy and their 
continuity. Add to which the statistics of area of crops, of numbers of 
ploughs, of cattle, of mortgaged areas, of numbers of wells, with the classi¬ 
fication of forms of irrigation, which are given in detail for each economic 
molecule, the Indian village community. Not only can the fluctuations of 
areas be studied in old existing villages, but the increases in area associated 
with the formation of new villages can be traced with great detail in the 
revenue records of the colony tracts. 

The statistician, who does not become the slave cither of his statistical 
material or of his mathematical methods, can, 1 feel sure, obtain in Indian 
statistics a clue to the variation of crop areas with variations of climate and 
weather; in other words, he can throw light on the fundamental problem 
of Agronomic Meteorology. 

He will also, though he is not exceptionally well served on the side of 
yield statistics, have an opportunity of helping to solve some of the world 
problems of Agricultural Meteorology. 
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A NOTE ON CLONE TRIAL PLOTS^ 


I 'r has bec'H [’ouncl i."! provious ^rxperimcnlal work on th'^ establishment 
of new clones that only a comparatively small number of selected high 
yielding mother trees give high yielding clones. Different workers 
have obtained varying results in this respect but for the present 
one may assume that the percentage figure is not greater than 10 
per cent. 

The reasons for this are numerous; some of them are clear and others 
are still obscure. The capacity of a tree to produce latex is influenced by 
three sets of factors. This division is simple but somewhat artificial for 
all the factors are closely inter-related. 

(1) External factors—soil, climate, altitude, the proximity of other 
trees, disease, tapping system, and time of tapping. 

(2) Internal factors—the development of the latex vessel system, its 
extent and special characters (morphology). 

(3) Inherent ability of the tree to produce lat‘x (physiology). 

1. It is Cjuite possible to visualise a tree possessing a moderately well 
developed latex vessel system and a lair capacity to produce latex. Such 
a tree growing under very favourable conditions may be a steady high 
yielder, but buddings from this tree, planted under different conditions less 
favourable than those under which the mother tree was growing, may prove 
to be either medium or even poor yielders. This point should be always 
b<jrne in mind in selecting mother trees for trial. Any tree, no matter how 
promising its yield may be, which appears to enjoy special advantages of 
positon should be regarded with suspicion. * 

2. Internal characters which are measurable such as the ’number of 
latex vessel rows and their distribution and the size of the latex vessels 
are all contributory factors influencing yield but even a tree possessing an 
exceptionally well developed latex system may be a moderate or poor 
yielder. A study of form alone (morphology), though it contributes some 
evidence worthy of consideration in the final selection of a mother tree, 
is quite inadequate in itself. 

3. No matter how g(X)d a tree may appear from its yield record and 
a study of its latex vessel system, if the capacity to fill the latex system is 
not inherent but induced by special conditions, then it is very probable that 
the tree will not give high yielding buddings. This peculiar property of 
Hevea still aw^aits a full explanation and only very careful chemical and 
physiological study will aid in its elucidation. 

From these considerations it is clear that extensive budding from new 
mother trees would be uneconomical; the risk of obtaining 90 per cent, of 
trees w^hich are no better, and may be poorer, than ordinary plants grown 
from seed is too great. The aim should be to establish only a sufficient 
number of buddings from each selected mother tree to give a reliable test 
when the tapping stage is reached. For this purpose from 20 to 30 bud¬ 
dings from each mother tree should be established and, for the purpose of 
direct comparison when the tapping stage is reached, buddings of a good 
proved clone of long standing should be interplanted with the unproved 
material. A plan similar to that detailed below is suggested. 


By C. E. T. Mann in the Quarterly journal of the Rubber Research Institute of 
Mataya, Vol. 1, No. 4, December, 1929. 
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Clone Trial Plot Planting distance 12 ft. x24 ft. or such as to allow 
about 150 trees per acre. 

(1) Alternate trees to be budded with buds from the selected mother 
trees: Unproved buddings 75 per acre. 

(2) The remaining trees to be budded with buds from a good proved 
clone: Proved buddings 75 per acre. 

A stand of 150 trees per acre would allow for two years’ tapping 
without serious thinning out by which time it could be decided whether to 
retain the ‘‘standard proved clone” trees or the new buddings. Should all 
the latter prove to be inferior to those of the proved clone their complete 
removal will still leave the area almost fully planted with about 70 trees 
per acre of a high yielding clone. 

A plot of 10 acres established on these lines would provide for the trial 
of about 30 promising mother trees. 

For our own clone trial work on the Sungei Buloh Experiment Station 
we have chosen as our control, or standard ('lone, AVROS clone 50. This 
choice was not made on account of its exceptional yielding capacity for 
there are other clones which are better in this respect; but this clone 
possesses a long and reliable record and so far has shown no serious 
defects. 
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BROWN BAST' 


SOME CONSIDERATIONS AS TO ITS NATURE 


T Hli origin and nature of this disease are obscure. Many dillerenl 
explanations have been advanced and the literature is at first 
sight contusing. Later investigators agree that the origin of the 
disease is physiological, but an explanation covering all the 
histological phenomena and the generally accepted evidence as 
to incidence under various conditions seems to be lacking. The present 
contribution provides some considerations which add weight to the view 
that the disease is physiological and intimately linked with the phenomenon 
of “wound healing” in woody stems. Wound healing on all kinds of 
trees, temperate and tropical, has been investigated by numerous workers 
and the factors which govern the deposition of “wound gum” at the open 
wood wound seem to be universal. The reasons for associating Brown 
Bast with this general tree reaction will be presented and it^will be shown 
that, considered in this light, a very complete explanation of the disease is 
j>ossibie. 


WOUND HEALING IN WOODY STEMS 

A recent paper by Swarbrick provides information of exceptional 
interest in relation to Brown Bast and his lindings are set out. 

Swarbrick, dealing with the histology of wound healing, examined the 
effect of making pruning wounds on the branches of temperate zone trees. 
He finds that, some time after making such a wound, there appears behind 
the injured surface a block which separates the injured cells from the Lving 
ones beneath. The amount and rapidity of appearance of the blocking subs¬ 
tance is always greatest during those months of the year when there is 
active growth and sap movement in the tree, particularly rapid blocking 
taking place just after wintering, if wounds are made at such a time, starch 
rapidly disappears from cells below the wound and, coincident with starch 
disappearance, there appears amongst other substances, a yellow^ viscous 
body which actually forms the substance of the block. This body is of an 
extremely chemically-resistant nature. It is resistant to fat solvents, cellu¬ 
lose solvents and acids except hot concentrated nitric acid which rapidly 
degrades it. Alkalis cause it to darken in colour but do not dissolve it. 
When first formed, it gives no reactions for tannins but after some time it 
develops this property, and with it the property of responding to lignin 
reactions. After some time, it hardens and contracts and assumes a wrinkled 
form. This substance, for want of a better name is called “wound gum,” 
and the occurrence of this body has been reported by many other workers n >1 
able among whom is Coster whose observations were made on tropical trees. 
Swarbrick also established the fact that the time when most active blocking 
takes place is coincident with that of the greatest activity within the tree 
of the normally occurring enzymes. When enzyme activity is at a minimum, 
blocking is much less rapid and may be negligible. A wound made ai the 
wrong time of the year may remain unblocked for many weeks until the 

^ By Edgar Rhode® in the Quarterly Journal, Vol 2> No. 1, March, 1930, of the 
Rubber Re^arch Institute of Malaya* 
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enzymeji are again active. Then starch will rapidly disappear and wound 
gum be laid down. From the work of Swarbr'ck it is established that the 
general conditions for wound gum deposition are: 

(1) Living starch bearing tissue abutting upon dead or dying tissue. 

(2) Activity of the enzyme system normal to the tree. 

GENERAL HISTOLOGICAL CHARACTERISTICS OF 
BROWN BAST 

The observations made by Rands, pointing as they do to the occurrence 
in diseased tissue of this wound gum arc of grt^at interest, Rands has 
described the secret on which causes the discolouration typical of brown bast 
in the rubber tree. He observes that in diseased cases, the discolouration 
begins at a small point or points at the tapping cut and extends downward 
and laterally into the undamaged cortex towards the base of the tree. The 
presence of discoloured areas of this kind below the cut form the chief 
external characteristic of the disease. The secretion itself is a yellow 
viscous substance which Rands decides is produced by the living cells sur¬ 
rounding certain of the latex vessels, into which it often makes its way. It 
is a noteworthy fact that the vessels are always the centres round which 
the secretion of this substance takes place. Rands has observed that the 
rate of deposition of the viscous body is variable and is always most profuse 
in vigorous trees growing rapidly, while in trees spare in growth and 
lacking in vigour, the amount of material deposited may be negligible. In 
affected vessels the latex is observed to have coagulated. Areas of cortex, 
severely discoloured, no longer yield latex. Rands describes the nature of 
the secretion and finds that, when newly formed, it is plastic in nature but 
later it hardens and contracts and assumes a reticulated appearance. It is 
particularly insoluble and resistant. Fat solvents and cellulose solvents are 
without effect. Acids, except hot concentrated nitric acid which degrades 
it, are similarly incapable of effecting solution. Alkalis produce a striking 
darkening jn colour but do not dissolve it. When newly formed, it responds 
to no microchemical reactions for lignin' but after some time it develops 
this property and also gives fairly definite reactions for tannins, Sander¬ 
son and Sutcliffe have also noted independently the occurrence of a bodv 
giving tannin reactions. Rands came to the conclusion that the secretion 
oc(‘urring in brown bast tissue was of the same nature as the wH>und gum 
described by various investigators as occurring at wood wounds in other 
trees. He made further observations upon the effect of making a single 
rut in healthy Hevea cortex, and found that there usually appeared within 
24 hours, a yellow body secreted uniformly along the wound by the living 
parenchyma cells beneath. This secretion was localised to a narrow zone 
quite close to the injured surface. Thfe application of the various microche¬ 
mical tests described led him to the opinion that the body occurring in small 
amounts at any such cut, was of the same nature as the wound gum occur¬ 
ring extensively round the vessels in cases of brown bast. He also 
observed that at such a single wound the appearance of wound gum was 
followed in a week’s time by suberization and the laying down of a cork 
cambium behind the injured zone. In a similar manner he noted the 
appearance of the same substance when wounds were made in the wood of 
Hevea as distinct from the cortex. These observations led Rands to the 
final conclusion that brown bast was an accentuated type of wound response. 

It now seems to the writer very unfortunate that Rands was not able to 
suggest a mechanism to explain the phenomenon. 

Rands in another paper, dealing mainly with tapping experiments> has 
shown that with estate trees, a greater frequency of tapping is usually pro¬ 
ductive of more cases of the disease. He also notes cases where, when 



25 


tapping was very drastic—six times a day—trees ceased to yield, the con¬ 
tents of the vessels were coagulated but there was practically no deposition 
of the gum, and the discolouration which would bring such trees under the 
arbitrary heading of brown bast** trees was therefore absent. He says 
“with other conditions, viz. during dry weather, on defoliated trees or 
isolated bark areas, the lapping cut may be wholly dry, yet the secretion of 
gum may be so slight as not to cause noticeable browning of the cut.’* 

The investigations of Sanderson and Sutcliffe direct special attention 
to another aspect of the disease. They show that very serious disorgani¬ 
zation ol the latex vessel system is brought about by the establishment of 
adventitious meristems in the neighbourhood of the vessels in affected parts 
of the cortex. The adventitious meristcm, arising in the cells between the 
vessels, introduces new actively growing tissue into a zone in which cells 
are all mature. The zone enlarges as a result and the vessels which bound 
it are in consequence displaced and often broken. Sometimes the meristem 
behaves as a secondary vascular cambium cutting off wood elements to the 
inside and phloem elements to the outside. When this occurs, a hard woody 
burr is built up within the cortex. The development of such burrs nia\ 
make the tree (Completely useless because the tapping surface becomes s(; 
irrtcgular that lapping is impossible. These w'orkers also note, that in bad 
( ases of the disease, starch may very largely disappear from the cortex. 

Sharpies and I^ambourne, as a result of extensive lapping experiments, 
came to the conclusion that the disease is physiological in* origin and is 
caused by loss of vigour of the vessels as a result of tapping. They des¬ 
cribe how bursts of the disease may occur at irregular intervals during a 
year and these are in tlie nature of a “trigger action*’ phenomenon. They 
note that, w’hile the high yielding tree usually develops the disease most 
readily, the moderate and even the poor yielcier may on occasion become 
affected. 

'faylor visualizes the initiation of brown bast as .i result of Vhe death 
of vessels in the functional part of the cortex. 

THE RELATION OF BROWN BAST TO THE UNIVERSAL 
WOUND HEALING PHENOMENON 

1'hese findings of llie later workers on browm bast, appear at first sight 
to have no definite link between llieni. It occurrexl to the waiter, how^ever, 
that if the conclusions of Rands could bo associated definitely with the more 
recent w^ork of Swarbrick, it might be possible to obtain a clear mental 
picture of the mechanism of the disease and one which would rationalize 
and bring together the view^s of the various investigators. 

ll became therefore a matter of some importance to verify the histolo¬ 
gical data of Rands and definitely to decide that brown bast gum is the same 
as the wound gum of Sw’arbrick. The writer, after carefully examining 
the histological characteristics of diseased Brown Bast cortex could only 
conclude wdth Rands that, in so far as it is possible by microchemica) tests, 
to establish identities in such ill-defined, non-reaclive secretions, the browm 
bast gum, the localised secretion at a cut in healthy cortex and the secretion 
at a wound, are all of the same nature and consist of wound gum. They 
are clearly of the same nature as the wound gum described by Swarbrick. 
It should be stated that w^ound gum is in no sense a gum, nor is it a resin, 
than both of w’hieh it is far more resistant. Its exact chemical nature is 
unknowm and is likely to remain so, until a solvent is found or until some 
means is discovered of bringing it into solution without degradiTig it into 
substances so simple as to afford no clue to its original constitution. The 
term wound gum, although a misnomer, will be applied to the substance to 
indicate its probable identity with the body so described by the other inves¬ 
tigators. 
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The writer in some additional microchemical investigations upon 
diseased cortex, compared in a semi-quantitative manner the soluble subs¬ 
tances in 

(a) Very severely diseased tissue, 

(b) Less severely diseased pans of the same tissue, 

(c) Normal tissue. 

The material was all taken from the same tree at the same time. 
Ether, alcohol and water solubles were considered and rubber, fats, sugars, 
glucosides, true tannin, amino-acids and colouring matters were examined, 
it was found that the only products accumulating in major quantities in 
diseased cortex were sugars and glucosides. There appeared to be an 
berease in the amounts of fat, rubber, and true tannin, but the differences 
obtained were not such as could safely be considered significant. The only 
major decrease was in the amount of starch. The products which accumu¬ 
late are those which normally accumulate in the neighbourhood of wounds. 
Starch too is the substance which Swarbrick has observed to disappear when 
wound gum deposition is proceeding. 

Thus, brown bast tissue contains not only wound gum but also an 
accumulation of these soluble substances which occur at wounds. A 
definite connection is thus established between the disease and the pheno¬ 
menon of wound healing. 

THE MECHANISM OF THE DISEASE 

At any tapping cut in a healthy tree, localised secretion of wound gum 
IS laid down. In a brown bast tree, wound gum is deposited not only 
along the cut, but also in greater quantity along the length of some of the 
vessels downward from the cut towards the base of the tree, that is, in 
situations where mechanical injury cannot have occurred. 

No>^ the general conditions governing wound gum deposition, are 
known as n result of the work of Swarbrick and since the parenchymatous 
cell near an open wound, if the same conditions be realised along the 
length of a vessel, which are realised close to a healthy cut, then the paren¬ 
chyma near a vessel must secrete wound gum as if at an open wound. 

From a consideration of these general conditions it will be seen that 
a very simple happening will produce gumming along the length of a 
vessel. If a functional latex vessel dies back from the cut, downward along 
its length into the living tissue below, at a time when the enzyme system 
is active, the parenchyma surrounding the dying vessel will be in a similar 
state to that just behind the injured cells at a knife cut. They will secrete 
wound gum around the vessel and along its length, to the point where 
die-back has ceased and so lay down wound gum in what may be termed 
a “brown bast location.” 

Further, if by any means whatever, a die-back once started can auto¬ 
matically extend down the vessel, then gumming will be able to follow 
(given correct enzyme conditions) and a travel of discolouration along the 
vessel system such as is usual in brown bast cases will result. a cell 

wall at death becomes freely permeable to the cell sap of the surrounding 
tissue and with this in mind, the writer carried out experiments which are 
of direct interest. Pieces of bark, freshly removed from the tree, were 
subjected to the vapour of chloroform for half an hour. They were then 
centrifuged ?ind the sap, so removed, tested for acidity with a capillator 
apparatus, It was found that this sap was frequently as acid as pH 5*2 
and ^ince it is known that rubber latex floculates at pH 5*0-S*2, the per^ 
meability of the vessel wall at' a die-back at once assumes importance a^ 
providing a moans by which a spread of discolouration may take plaOe* 
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The entry of such a cell sap at a small die-back would bring about the 
coagulation of the latex and probably the cell protoplasm to a point a 
little further down the vessel, thus extending the dying region. It 
is difficult to visualize the vessel continuing to pursue its normal func¬ 
tions in that part of its length in which so drastic a phase reversal has 
taken place and in its contents have become literally a plug of solid rubber. 
The extension of the dying zone would allow of the entry of more cell sap, 
causing the pathological affection to travel still further along the vessel and 
this process, automatically repeated, could create a steadily lengtheni ng 
path for wound gum deposition which is attendant upon the pathological 
or semi-pathological condition of the vessel. 

Gumming once started under favourable conditions in this way, will 
be able to spread along the vessel system both downward and laterally, 
since the vessels in each ring frequently anastomose. 

'fo somewhat unusual nature of the ( ortex itself thus provides a means 
by which a spread of discolouration is possible under favourable conditions. 

Conversely and as a test of the correctness of the present view, if a 
die-back were induced in some vessels of a tree of little or no vigour, or in 
a vigorous tree temporarily reduced to an inactive condition, (as during 
defoliation) or in an exhausted area of cortex such as results from heavy 
experimental tapping of isolated panels, then with enzyme activity reduced 
to a minimum, the bark should on occasion become dry, the contents 

Of its vessels coagulated, but discolouration should be absent. There 
should be coagulation without gumming. The cases recorded by Rands 
in which this result is shown to have been obtained under just such condi¬ 
tions, lend support to this suggested mechanism. 

A discoloured area of cortex having been established as a result of a 
die-back, then just as a cork cambium is laid down behind the localised 
secretion at an open wound, meristematic activity may also be initiated 
around gummed areas within the cortex, in the manner descfibed by 
Sanderson and Sutcliffe. This activity, by causing the breakage and death 
of vessels perhaps in another row and perhaps previously functional will 
produce new sites for gumming and, apart altogether from the ultimate burr 
formation and disorganization of the cortical tissues, will act as a powerful 
instrument in the spread of discolouration, not only in the vessels of the same 
row, but as between row and row. The introduction of this latter factor 
completes the picture of the mechanism involved in a severe case of brown 
bast. 

Viewed therefore as a w'ound healing phenomenon, the mechanism ot 
the disease is simple. As a result of tapping, a random and occasional 
die-back or drying out may take place in a vessel or vessels of the tree. 
Subsequent events are governed in such a case by the universal conditions 
for wound gum formation. One of these conditions is activity of 
the enzyme system normal to the tree. Thus, gumming can be very 
rapid or very slow. This factor is <'losely linked with the vigour 
of the individual tree and is one which previous explanations of the disease 
have not been able to take into definite account. 

It will however be seen that the mechanism agrees with and cover the 
fihdings of the various recent ’investigators. Sharpies and Lambourne 
have come to the conclusion that the disease is initiated by a loss of 
vigour in the vessels as a result of tapping and the present explanation, 
in terms of the woufid healing phenomenon, demands what is essentially 
the same thing, namely a random die-back as a result of tapping, producing 
a pathological condition in the vessels. Taylor also predicts the death of 
a vessel previous to its becoming a seat of brown bast. The subsequent 
laying down of wound gum Covers all the ohseirVations of Rands and the 
ftiidings of Sanderson and Sutcliffe form another very essential part of the 
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mechanism. Viewed in this way, recent investigations lose their isolation. 
They fall nicely together to give a much clearer picture of the disease, and 
the whole is definitely linked with a universal tree reaction. 

BROWN BAST AS A MANIFESTATION OF THE 
WOUND HEALING PHENOMENON 

It is now possible to consider the incidence of Brown Bast under 
various conditions and such a consideration shows that some rather obscure 
observations, permit of a ready explanation. 

When trees are in tapping, cell contents, proteins, carbohydrates and 
mineral salts as well as caoutchouc and water are being regularly removed 
from the vessels. This will either have no effect on the vigour of the 
vessels, or it will tend to produce a premature pathological condition. 
One can safely assume that, very occasionally, a vessel or two in a few ol 
the trees will tend to die-back a little way below the injured zone at the 
cut into the living and undamaged parenchyma. This random and occa¬ 
sional occurrence produces the initial seats for brown bast discolouration 
near the cut. Now the regular operation of tapping, also tends to oppose 
the establi.shment of discolouration, because the excision of cortex tends 
to carry away small gummed areas. Tapping thus introduces opposing 
teindemcies. Tnees which develop brown bast are those in which' the 
deposition of gum at an embryo seat of disease has been able to outpace 
removal by the knife. The greater the tendency of rapid gumming the 
greater the likelihood of the development of disease. It has however 
emerged that gum deposition is governed by enzyme activity so that the 
greater the enzyme activity within the tree the greater the predisposition 
to brown bast. 

(a) The Vigorous Tree and. brown hast, —The well-grown vigorous 
tree is normally in a state of greater enzyme activity than the ill-grown 
feeble specimen and an average estate population contains trees of all 
degrees bf vigour. We are thus provided with a reason why the well- 
grown tree usually develops brown bast more readily than its more feeble 
fellows. In the vigorous tree, gumming at an embryo seat will always be 
more profuse and more liable to outpace removal by the tapping knife. 

(b) Bursts of Disease .—^The activity of the enzyme system of a 
normal tree varies in the course of a year over a considerable range. Il 
is low when the tree is about to winter and during defoliation. It is high 
when the tree is refoliating after wintering and growth is actively proceeding, 
in the tropics there are subsidiary bursts of growth, which occur at 
irregular intervals. These are largely governed by climatic conditions and 
each burst involves a burst of enzyme activity. 'Fhe reason for occurrence 
of sudden disease bursts after wintering and at other irregular intervals is 
thus immediately apparent. 

(c) Halts in the spread of discolouration ;—It is often noticed that a 
discoloured area on a tree may cea.se to enlarge and remain stationary 
for a long time after which it may quite suddenly begin to enlarge again. 

When and if conditions in a tree become adverse to growth and 
enzyme activity, gum can no longer be laid down. The necessary patho¬ 
logical condition may be present in many vessels, but gum deposition 
cannot proceed, until improved growth conditions are re-established. 

(d) Frequency of tapping and incidence of disease ;—Under estate 
conditions, the change to a heavier tapping system, say from alternate 
daily to daily, is usually productive of a greater brown bast incidence. 

It is apparent that the more frequently the tree is tapped and its 
vessels are denuded of contents the greater will be the chance of a small 
random die-back occurring in a few vessels of a few trees. Thus the 
greater the frequency of tapping the greater the chance of producing an 
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embryo seat of disease. But the greater the frequency of tapping, the 
greater the excision of cortex and the greater the chance of removing such 
embryo seats of disease. There are two opposing tendencies. Now it has 
been recorded by Rands and the record is typical, that under good conditions, 
discolouration has been observed to spread down a panel at the rate of one 
metre in less than a month. This rate is more than thirty limes greater 
than the rate at which cortex is excised by daily tapping. It follows then 
that the factor of excess cortex removal will only be of significance when 
gumming is proceeding at low speeds. When -enzymic activity is such that 
gumming is able to proceed even at one-tenth of this optimum speed, the 
excess bark removal will be powerless to prevent the establishment of gum¬ 
med areas of cortex. Thus, when and where enzyme activity is reasonably 
high the chief factor in disease incidence will be the greater tendency to 
produce more embryo seats. Now on the average estate the ill-nourished 
tree-type usually forms only a small proportion of the whole, the majority 
being reasonably well grown and vigorous. In such an area, over an average 
year, the tendency to produce more embryo seats will in general be the 
more important factor. A greater tapping frequeiv'y is therefore predicted 
as likely to produce more cases of brown bast in the' average estate popula¬ 
tion, but exact proportionality between frequency and number of cases can 
obviously not be expee'le^d, nor is it observe'd, 

(c) Number aj cuts per inch and incidence of disease, —A reduction 
in the thickness of the shaving removed at each tapping usually results in 
a greater incidence of brown has*. 

The gumming begins f?'om points at ih(‘ ('ut. The rate of deposition 
is variable as between tree and tree and from time to time, dependent upon 
the vigour of the individual. Thus in trees of lesser vigour and activity, 
and in times of lesser activity in tlu* more vigorous trees, that is when the 
thickness of a shaving can exercise any measure of ('ontrol, the thicker 
shaving by tending to eliminau* more completely any small seats o^ disease 
will in general be expected to produce fewer well established cases of disease. 

(/) The anomaly of the small holding, —It is a remarkable fact that 
there are usually far fewer well developed cases of brown bast on the .small 
holding than on the average estate. It is known that tapping is usually 
very drastic and a great number of cases would at first sight be expected, 
yet the actual incidcn('e is very low. Estate managers rightly observe that 
if such drastic tapping systems were applied to estate trees the percentage 
of brown bast cases would be enormous. The apparent anomaly of the 
small holding is usually dismissed by saying that bark consumption is so 
high that it constantly removes diseased cortex. Now this explanation is 
not of itself sufficient, for assuming the small holder to indulge in twice 
daily tapping and to make as fev^ as fifteen cuts per inch, he would then 
be removing ('ortex at the rate of not more than five inches per month on 
any one panel, which is less than one-seventh the rate at which discoloura- 
tions have been observed to spread. While this high bark consumption 
cannot fail to have a great eflPert in removing diseased cortex, if it were the 
only factor operating against the disease, there would still be an appreciable 
brown bast incidence, A correct conception of the disease must provide a 
ready explanation of this apparently anomalous state of affairs. 

Now it is also the fact that the average small holding contains infinitely 
more permanently *‘dry trees’* than the average estate. Trees of this type, 
in which practically all the vessels have ceased to be functional and which 
must be tapped very close to the cambium in order to obtain even a small 
flow of latex, abound in the small holding. They show no discolouration 
and do not therefore come under the heading of ‘‘brown hast” trees. This 
fact is rarely mentioned, nor is it usual to consider it as having any relation 
to the brown bast problem. 
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The average small holding is closely planted and the individual trees 
are usually ilhnourishecl, thin, hard-barked specimens in comparison with 
estate trees of similar age. They are tapped heavily and the result is that 
vessels die-back exactly as in an estate tree. The pathological condition 
neces.sary for wound gum deposition is produced in their vessels as it would 
be on the estate tree but wound gum deposition cannot in the majority of 
cases follow. The enzymic machinery is so feeble as to be unable to produce 
discolouration. Their case is exactly analogous to that described by Rands 
for estate trees heavily tapped during defoliation, or on i.solated bark panels. 
The cortex is dry, the contents of the vessels are coagulated but there is no 
discolouration. The small holding presents fewer brown bast cases, 
because it has so few even reasonably vigorous trees. For the same reason 
it presents more cases of trees which are “dry” but which might otherwise 
be “brown bast” trees. 

SUMMARY 

Brown bast disea.se is a phenomenon closely related to the tree reaction 
of “wound healing” and obeying the same general laws. 

When the d sease is considered in this light, the chief findings of the 
various recent investigators are brought together into a harmonious whole. 

pathological condition, occasionally induced in a few vessels by the 
operation of tapping, is followed by the deposition of wound gum and the 
formation of burrs. 

The deposition of wound gum is essentially an enzymatic process carried 
out by enzymes normal to the tree and the disease being thus enzymatic in 
its operation, is clo.sely linked with the state of vigour of the individual 
concerned. 

The linking of the disease with enzyme activity and tree vigour enables 
a simple explanation to be made of many obscure but fundamental points 
connecte'd with its incidence. 

A new light is thrown upon the relation between “brown bast trees” 
and “dry trees” in small holdings. 
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COCOA* 


SELECTION AND USE OF HEAVY-BEARING 

STRAINS 

I N an article on '‘Cocoa Production in the British Bmpire’’ (this 
Bulletin, 1919, 17, 40-95) it was mentioned with reference to 

Trmidad that “expcrimejits on a lar^^je scale have been commenced 
in recent years by the Department of Ag-riculture with a view to 
increasing the production bv improvements in the methods of cultiva¬ 
tion.” 

The work began in 1910 with manurial experiments, of a conventional 
type, planned essentially to obtain information of local value. Owing, 
however, to unexpected results in the course of the first few years attention 
was soon directed to a study of the variation in bearing capacity of indi¬ 
vidual cacao trees, growing under similar conditions. This investigation 
has been gradually carried forward, step by step, and has led to the attain¬ 
ment of results of fundamental importance to the cacao plahtcr, not only 
in 'Frinidad, but in all other cocoa-producing countries. Some of the 
Trinidad results have been confirmed, wholly or in part, according to the 
stage reached, by investigations on similar lines conducted in Java and 
the Gold (oast. The general outcome is to place at the disposal of the 
cacao planter a means of increasing his yield per acre, whether he be 
forming a new plantation or concerned with the ('are of an already fully 
established estate. ^ 

TRINIDAD 

• 

In a paper entitled “Results of Cacao Research at River Estate, 
Trinidad” (Tropical A griculfure, vi, 1929, 127-133), Mr. W. G. Frt^eman, 
then Director of Agriculture in the Colony, gave a summary of the origin 
of the investigations and the results so far attained. 

In 1910 plots of 50 trees each were demarcated in a field of apparently 
uniform cacao, and manured in different ways, three plots being left as 
controls. It was soon obvious that the manurial treatment was a very 
minor factor in determining the yield of a plot, and after other possible 
causes had been eliminated it seemed probable that the vield of a particular 
plot was mainly dependent on whether that plot contained a high or low 
proportion of naturally heavy-bearing trees. This working theory was 
tested by keeping records of the individual yields of several thousand 
trees on various fields at River Estate and on eight other estates in the 
Colony. All the trees wen* unmanured and received similar cultural treat¬ 
ment in each field. 

The results were summarised bv Mr. J. de Verteuil (Bull. Dept. Af^r. 
Trinidad an4 Tobago, xvi, 1917, 176-198). They showed that the yields 
of various plots were due to the relative productiveness of the trees in each 
plot, i. e., on the proportion of heavy and poor-bearing trees; that a large 
proportion of trees give less than 13 pods (about 1 lb. of cocoa) per annum 
eves in a very favourable year; that other trees are heavv bearers and that 
frenerally Stpeaking, heavy-bearing trees continue to be heavy bearers and 
that poor-bearing trees continue to be poor bearers. 

* From Bulletin of the Imperial Institute^ Vol. XXVII, No. 4, 1929^ . 
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How relatively constant in their bearing capacity trees are, and how 
little poor bearers are affected by even frequent applications of manure, is 
shown by the following records of seven trees in a plot at River Estate 
which had received a dressing of a complete manure for each of seven 
successive years; 

Pods per Tree per Annum 


T ree 

1911-12 

1912-13 

1913-14 

1914-15 

1915-16 

1916-17 

1917-18 

1918-19 

A 

63 

102 

81 

98 

100 

135 

67 

106 

B 

91 

125 

123 

206 

129 

191 

60 

123 

C 

51 

50 

44 

48 

78 

45 

56 

41 

I) 

46 

41 

44 

43 

32 

32 

36 

44 

E 

23 

45 

33 

31 

26 

26 

17 

26 

F 

3 

6 

3 

7 

5 

25 

3 

J21 

G 

1 

6 

26 

22 

30 

12 

5 

19 


Whilst on the whole there has been an increase in bearing capacity 
with increasing age, the poor trees of the first two years, F and G, are 
still the poor trees of the last two years, and similarly with the heavy bearers 
A and B and the medium bearers C, D and E. 

Concurrently with these investigations data were t'ollected to ascertain 
the proportion of poor bearers normally present on cacao estates in the 
Colony, For one field at River Estate, de Verteuil obtained the following 
analysis based on three years’ records: 


Yield per annum 

Trees per cent. 

0-12 

pods 

23 

13-25 

1» 

20 

26-50 

,, 

30 4 

51-75 


15*9 

‘ 76-100 


60 

*over 100 

,, 

4*7 

This was supplemented two yeaVs later 

In records, also from three 


years’ observations, on Tour private estates, three in Trinidad and one in 
Tobago. Taking the proportions of poor yieldcrs only they showed; 

IVees bearing 



0-12 pods 

13-25 pod 


Per cent. 

Per cent. 

Estate A 

5T8 

22*0 

B 

40-8 

21*6 


3T1 

20‘6 

M n> 

12*6 

17 0 


It is noteworthy that I), the Tobago Estate, had been planted mostly 
by the owner himself from carefully selected seed, whereas the other estates 
were the results of ordinary “contract” planting. The general conclusions 
reached from these investigations by the Trinidad Department of Agricul¬ 
ture Avere (1) that cacao trees vary naturally in their bearing capacity, (2) 
that such bearing capacity is not affected fundamentally by manurial treat¬ 
ment, and (3) that on ordinary estates there are to be found 20 to SO 
per cent, of very poor bearers (not giving more than 1 lb. of cocoa each) 
and another 20 per cent, yielding below' 2 lb. These points being estal> 
fished, the question naturally arose as to how the information gained could 
be put to practical use. It was necessary to ascertain whether heavy 
bearing was a hereditary character and also whether it would be possible 
under estate conditions to place the large proportion of poor bearers by 
more productive trees. 
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To take the latter problem first. In 1919-20 a block of 3,000 trees in 
one field at River Estate, of which the yield of each for seven years was 
known, was selected, and every tree which had a lower average yield than 
18 pods (1| lb. of cocoa) a year was removed and by a seedlingf or budded 
plant from a known heavy bearer. The new trees began to come into 
bearing in the season 1924-25. Taking seven of the best developed of the 
seedlings as an example, they gave in the season 1927-28, although not 
yet in full bearing, 26 lb. of dry cot'oa in place of the 3 lb. which had been 
the average annual yield for seven years of the poor bearers they have 
replaced. A line of work is hereby indicated which, pursued steadily, 
would in the course of comparatively few years effect a marked improve¬ 
ment in the yield per acre of many cacao estates. 

To obtain a more accurate answer to the question : Is heavy bearing 
hereditary? the following experiment was initiated at River Estate in 1914, 
Twenty-eight heavy-bearing trees were selected as mother plants. 

Six plots of one acre each, with 280 plants, 12 feel by 12 feet, were 
laid out, each plot containing 10 plants from eac'h mother plant. 

A Budded plants (budded at stake) with shade trees. 

B Budded plants (budded in nursery) wi^h shade trees. 

C Grafted plants with shade trees. 

D Seedlings with shade trees. 

E Budded plants (budded at stake) without shade trees. 

F Seedlings without shade trees. 

Each mother plant is thus represented in the expreiment by twenty 
seedling progeny, and forty vegetatively propagated progeny (30 budded 
and 10 grafted). The trees began to bear in 1917-18 and the number of 
pods borne annually by each tree has been recorded. 

Dr. S. C. Harland analysed the results obtained to the end of fhe crop 
year 1927-28 In a paper on *‘The Yield of Budded and Seedliiit^ Cacao'* 
(Proc. Agr. Soc, Trinidad and Tobago^ xxviii, 1928, 239-248) , his general 
conclusions being stated as follows: 

“A heavy-bearing tree may transmit heavy yield to its budded offspring. 
On the other hand it may absolutely fail to transmit and may give rise to 
trees which are much worse than the average. There is no met^^od of 
telling whether a tree will transmit heavy yield cither to its budded or 
seedling offspring except by testing it, 

“It has been shown at River Estate that it is possible to use supplies 
to replace poor yielders on estates provided that the supplies are of fair size 
when they are put in. It Is recommended that the following types be 
concentrated on: 

Budded, Nos. 1480 and 2190. 

Seedling, Nos. 407 and 969. 

“These may be confidently expected to give an increase over ordinary 
trees of more than 60 per cent.** 

JAVA 

Dr. C. J. T‘ van Hall has recentiv written a naper on “Sel(‘rtlon of 
Cacao in Trinidad and in Java*’ for publication in “Tn^pical Agriculture” in 
January, 1930, from which it is possible to quote here owing to the rece pt 
of an advance manuscript copy. 

Commenting on the fact established in Trinidad that a large proportion 
of the trees on a cacao estate are poor bearers he says: 
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**This is not to be wondered at, when we remember that the mixture 
of races or varieties planted in our cacao fields is the same as is growing 
wild in the virgin forest, no selection having been done since the time when 
the first cacao seeds were brought from the forest and sown out. 

“When we realise how^ great is the difference between the cereals or 
fruit trees which are planted in our fields and orchards and their wild 
ancestors, it is evident how far behind we are in planting out cacao fields 
with the mixture of types—many poor ones and a few superior ones—that 
is present in our virgin woods. There is no reason to think that we should 
not be able to attain by selection results with cacao as striking as those 
wdiich have been obtained by selection of cereals or fruit trees in Europe 
and America, and we may, therefore, look with interest at the selection 
work done in Trinidad and in Java.“ 

The origin of the Java work was as follows: The old Java cacao was 
a pure Criollo strain, of first rate quality although inferior to Venezuelan 
Criollo. In the hope of obtaining a better strain plants were imported from 
Venezuela, but on fruiting they proved to be an inferior Forastero type. 
Seeds from them were, however, sown and the daughter plants bore fruits 
intermediate between the mother trees received from V'eneziiela and the 
old Java cacao. This type was named the “Djati Roenggo hybrid” after 
the ' State the manager of w'hich, Mr. MacGillavry, made the importation. 
The hybrid became popular and was planted up as the old Criollo failed. 
In quality it was only slighthly inferior to the ('Hollo, but its yield was 
not high. 

In 1912 on Djati Roenggo and Getas estates a number of trees of 
the hybrid were selected which were supposed to be high bearers. 

At first twelve trees were so selected, and a few years later another 
twelve. From these twenty-four trees plots of budded and seedling plants 
were established, and the yields of both recorded for the years 1923 to 
1925, and since then of the budded plots only. 

Di. van Hall discusses in some details the results obtained, and in 
summing them up from the practical piont of view says : “there is a fairly 
good chance that a heavy-bearing tvee will have a heavy-bearing offspring 
and that a planter who has no opportunity to do the selection work along 
scientific lines, by recording the yields of the offspring of each selected tree 
separately, will still obtain some satisfactory results in using seeds or buds 
from his best yielding trees instead of using seeds gathered at random. 
But it is true that in this way he will obtain only a majority of trees belong¬ 
ing to superior races or varieties or strains-—the name is immaterial—and 
a minority belonging to shy bearing strains.” 

GOLD COAST 

Records of the individual yields of cacao trees were commenced by 
the Gold Coast Department of Agriculture in 1914 at the Aburi Experiment 
Station, and in 1919 at the Asuansi Experiment Station. A summary of 
the results obtained is given in two papers by Mr. G. G. Auchinleck, Deputy 
Director (now Director) of Agriculture, in the Department’s Year Book 
for 1927. 

At Aburi the experiment field contained in 1914, 296 trees, planted 15 
by 15 feet, and then 22 to 24 years of age* Their average yield for thirteen 
years (1914-1926), allowing for trees which have died, has been 95 pods, or 
8 lb. of cocoa per tree. This is very high, Mr. Auchinleck noting “the 
field is therefore an exceptionally good one.” 

As the outcome of a mode of selection which is described in detail, 
forty-three trees have been picked out as relatively constant heavy bearers, 
and it is indicated that the next step will be to obtain budded or grafted 
progeny from them for trial in another field to test whether their high yields 
are due to inherent productiveness or merely to accidents of locality. 
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From the Asuansi Station records are given of the yields of about 
200 trees, from 1919, when they were nine years old, to 1926. For this 
period of eight years the mean percentage of trees in groups based on the 
number of the pods borne per tree per annum was : 


No. of pods 

0 

1-20 
21-40 
41-60 
61-80 
81-100 
over 100 


Trees Per cent. 
10-8 
229 
15*9 
14*8 
11-4 
8 1 
16 1 


The most constant of the high bearers have been selected and these are 
to be used “as starting points ior the work of selecting and propagating 
high-yielding strains of cacao . . . The next step is the propagation of the 
selected plants and their careful trial by the Department. It should not be 
forgotten that the high yields of these plants may not be inherent, but may 
be due to specially favourable positions in the field, and the trial of the 
second generation is thererfore necessary.” 

*Mt is clearly useless to grow progeny from seed. It is not known 
whether cacao is normally self-pollinated or cross-pollinafed, nor is the 
ancestry of the selected trees known. Seed is almost certain to produce 
plants dissimilar to the parents. A vegetative method is necessary, and 
as cuttings of cacao grow with exceptional difficulty, recourse must be 
had to grafts or buds.” 

CONCLUSION 


As already indicated, however, seedling and vegetatively propagated 
progeny of selected heavy bearers have been grown on to the fruiting stage 
in both Trinidad and Java. The results obtained show that^ whilst by 
neither method do all the mother plants give rise to heavy-bearing progeny, 
some of them do. Improvement in crop yield can thus be obtained by two 
steps. First, select a number of heavy-bearing and otherwise desirable 
trees, then raise and test the bearing capacity of the progenv (seedlings and 
budded plants) of these trees, after whic'h a final selection can be made 
of the mother trees which have been proved to transmit their bearing 
capacity to their offspring. 

With a permanent crop such as t^acao, requiring some seven or eight 
years to allow of a real test being made of the bearing capacity of a young 
tree, considerable time is entailed for work of this nature. Advance cannot 
be made so quickly as with an annual crop, such as wheat or cotton, which 
is propagated entirely by seed, or even with sugarcane, with which, when 
once an improved variety is obtained, it can be increased comparatively 
quickly by vegetiative propagation. In these three cases the fields are 
cleared every year, or every two or three years, and fresh planting has to 
be done. There is thus an opportunity of making a test of any new variety 
or strain without upsetting the estate’s working plans or entailing any very 
abnormal expenditure. In cacao cultivation the conditions are very different. 
Once planted and subsequently well looked after, the trees should continue 
to thrive for a hundred years or even more if the soil and climatic conditions 
are suitable. There is every reason then that in any new planting of cacao 
from now onwards, every care should be taken to secure strains of proved 
high-bearing capacity, particularly in countries where cost of production is 
relatively high. 



In the older cocoa-producing countries opportunities for new plantings 
on any large scale arc becoming more and more restricted. Several of 
these countries, however, possess very extensive areas of established 
cacao, planted usually without any attention having been given to the 
selection of heavy-bearing trees as parents. 

As a result, as shown particularly by the Trinidad investigations, the 
ordinary cacao estate contains a high proportion of low-bearing, unprofitable 
trees. A large number of these are doubtless unprofitable because they are 
constitutionally poor bearers. Others are so because they have become 
impaired in health for various reasons, or are growing under unfavourable 
conditions. That in many cases the defect is constitutional and not due 
to environment is indicated by the data already quoted, showing that poor¬ 
bearing trees were not materially improved by manuring over a considerable 
period of years, whilst plants of good parentage used to replace poor bearers 
quickly gave profitable results although grown in the same spots as were 
formerly occupied by the poor bearers. 

The step immediately practicable, and at no very burdensome cost, 
because the work can be done gradually, is the elimination of the poor 
bearers, and their replacement by higher-yielding strains, so improving the 
yield per acre which for cacao is frequently very low. 

Work on similar lines is already being done in the rubber industry of 
the East, now that it has been shown that Hevea trees vary greatly in 
their natural yield of rubber, and that it is possible to propagate high- 
yielding strains by budding from selected trees. 

The words used recently with regard to rubber in an editorial in The 
Tropical Agriculturist (Ceylon), for July 1929, Vol. Ixxiii, p.l, apply equally 
well to cocoa: 

“But whatever the future trend of prices may be it is obvious that 
estates with low production costs will be in the best position. These costs 
depend almost entirely on yield per acre.’' 
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TUNG OIL' 

[The information contained in the article appearing below has been 
extracted from a paper by Dr. L. A. Jordan, of the Research Association ol 
British Faint, Colour and Varnish Maiiulacturers, which was published in 
Vol. XII, No. 107 of the Journal of the Oil and Colour Chemists* 
Association.—Ed., T, A,] 

INTRODUCTORY 

Tung oil is an essential raw material of present-day varnish manu¬ 
facture, and in fact its unique properties render it indispensable for certain 
types of varnish. Until comparatively recently, Ciiina has satisfied the 
world’s demand for tung oil, and will, it is considered, continue to remain 
the chief source for some years to come. The oil is derived from two 
species of Aleurites, Ford,ii and montana, of which the former is the chief 
source. It was Wilson, a naturalist in Western C hina, who in 1915, after 
a study of the species of AleuviieSy solved the question as to the true origin 
of tung oil, A. Fordii has its habitat chiefly in western and central China 
whilst A, montafia is found more to the south. Tung oil, also termed 
China wood oil, was knowai outside (vhina about 1760. It ‘was first intro¬ 
duced into the United States in 1896, into Ciermany in 1897, and soon after- 
w^ards into England. Uttle notice of it was taken commercially in England 
until after the outbreak of War, when special water-resisting varnishes were 
required for aeroplane work. Thereafter, on the recommendation of the 
Raw Material Committee of the Imperial Institute, growing experiments 
(Wilson having slated that he cons.dered the trees could be grown in South 
Africa, East Africa, Australia, Algeria, and Morocco) were started in India, 
C’eylon, Malaya, Burma, Kenya, 1'anganyika, Hongkong, and South 
Africa. • 

NATURAL HABITAT AND GROWTH OF TREE 

In China the tung oil trees, with reference principally to /I. Fordii, 
occur abundantly and grow luxuriantly mostly in a region between latitude 
26^' and 34^‘N., and in Inlly country up to 2,500 feet in altitude, especially 
in the upper reaches of the Yangtze valley. A, Fordii favours the northern 
and A. niontafia the southern parts of the area, but there is no Wrongly 
marked division in the distribution of the species. They are ornamental 
trees and rapid growers producing fruit, from which the oil is extracted, in 
and after the third year—though it is safest to calculate on a first crop as 
from the fifth year. In China the trees generally grow 20 feet to 25 feet 
in height, with a trunk of about 10 indies in diameter. But individuals are 
said to attain 50 feet to 60 feel with a canopy 60 feet in diameter. The 
trees have a low branching habit and pruning is necessary to prevent a low 
straggling cover. The fruit is about the size and appearance of a russet 
apple and ripens in October. The blossoms are very sensitive to early 
spring frosts, and young trees, until established, are subject to frost. 

kainjall and Temperature *—A main consideration in the culture appears 
to be the absence of frost and a sufiicient rainfall, which should not be less 
than 30 inches but preferably 50 or even 70 indies. The A. montana species 
require rather more rainfall than A. Fordii* According to Wilson, in China 
the tree requires a minimum rainfall of 70 cm. and he states that the tree 
luxuriates at Ichang Where the rainfall averages 75 cm. most of which falls 
'in:'Apfrili J'Uly aiid Augj^t. '^ . 

• From Tropicid Agnculture, Vol. Vll* No. 3, March 1930. 


Also at Ichang the climate is rather one of extremes. The summer is 
Liopical, the shade temperature ranging from 90"^ to 110*^F. The winter 
generally cold with much snow though the temperature seldom falls as low 
as 28‘’F. 

Soil ,—Tung oil has been tried on almost every type of soil and has been 
found to grow on practically any soil which is slightly acid with plenty ol 
moisture but still well drained. Apparently the ideal soil is a sandy soil 
or sandy loam which is underlaid with clay three to eight feet down. This 
type of soil can be usually drained easily but remains fairly moist. This 
does not mean, however, that the tung oil tree cannot and is not being 
grown successfully on other types of soil. Tung oil trees in Florida have 
grown on land that ranges from almost pure white sand to heavy clay loam, 
with excellent growth and yields on all. The observations show that 
slightly acid soil, well drained but with plenty of moisture, is safe to use 
for tung oil. Alkaline earth is fatal to the growth of the tree. 

METHODS OF CULTIVATION 

Propagation ,—So far as is known, the principal methods ol reproducing 
the tung oil tree is by seed propagation, although it has been determined 
that the trees can be readily budded and grafted with lung oil seedlings as 
stock. 

Planting ,—In Florida the bes^t time to plant is in middle February 
when the soil is warm and maximum growth can be expected. Great varia¬ 
tion is found in germinating power, particularly if the seed is old, and the 
plants tend to come up irregularly. Some 60 days are usually required for 
germination, but seed has been known to lie in the ground three months 
before sprouting. 

Single seeds (not the whole fruit) should be planted three or four inches 
deep and from eight to twelve inches apart in the nursery row. In heavy 
soils the s^ed should not be planted at a greater depth than two inches. 
Nursery rows should not be less than three feet apart to permit of ample 
cultivation between them. 

In China, two seeds arc planted in a dug over spot three to five feel 
in diameter, and the soil kept in loose condition. If both seeds germinate 
one is removed. Transplanting is generally not very successful. Under 
favourable conditions in China plants will make three feet growth in the 
first season. 

Site of Nursery .—A well-drained but fairly moist location should be 
chosen. The moisture content of the soil, partic'ularly during the spring 
dry season, is of prime importance, as, if the seedlings are supplied with 
adequate moisture during this time they will not suffer from a set-back in 
growth which would be caused by droughty conditions. At the same time, 
the soil should be well enough drained that no water will stand between the 
rows for any length of time during the summer rainy season, which has a 
scalding effect on the young seedlings. 

Nursery Cultivation ,—Regular shallow cultivation should be given 
throughout the growing season so that a good dust mulch is always present 
and the nursery free from weeds or grass at all times. Because of the 
shallow rooting habits of the plant, deep cultivation should be strictly 
avoided after the first few weeks. 

Tran$planiing,—Whm the time comes to transplant trees from the 
nursery to the grove, the methods commonly used in transpl^inting' fruit 
trees are employed. The work should be done whilst the trees are dormant, 
and care should be taken to prevent injury to the root system. 
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As with all plants, exposure to sun or wind should be avoided, and at no 
time should they be allowed to become dry. Trees should be planted at the 
same depth as they stood in the nursery row. Deep planting* is highly 
injurious. When seedlings are transplanted they should be cut down to a 
stub 12 or 14 inches above the ground. When established, no further 
pruning of young trees seems to be needed other than cutting off the tip of 
the plants; this may be done to cause more lateral branching close to the 
ground, in this connection the question of the distance to plant out the 
trees presents itself. 

Orc:hard Distances ,—The best size ordinarily attained by tung oil 
trees in China is about 25 feet by 20 feet spread under ordinary circum¬ 
stances. They are frequently found about 11 feet apart. Growing the 
trees under orchard conditions, it would .seem that 20 feet each way would 
be sufficient space for the proper growth of the canopy. However^ as it 
seems that the cultivated plantation trees in Florida bid fair to exceed in size 
the average Chinese tree, distanc'es of 25 feet by 25 feet, 25 feet by 30 feet 
or even 30 feet by 30 feet are suggested. 

It has been suggested tfiat trees should be planted in parallel rows, 
12^ feet between trees in the row, and 30 feet between the rows. After the 
seventh year alternate trees should be removed which will leave 25 feet 
between two trees in the same row and each tree will be 32.J feet diagonally 
removed from its nearest neighbour in adjacent rows. It is calculated that 
the extra yield of fruit before the alternate trees are removed is sufficient 
to justify this practice. This arrangement finally bears 60 trees per acre. 

Fertilisers ,—The fertiliser needs of the tree have not been fully deter¬ 
mined ex('epl to prove that young trees respond quickly to light applications 
of nitrate of soda or of Peruvian guano up to 1 lb. per tree. Cultivation 
between the trees by leguminous cover crops is recommended to keep the 
soil rich and moist. ^ 

Harvesting ,—In Cihina it is usual to knock the fruits olT the trees before 
they are perfectly ripe. The husks are then removed by parching the fruit 
in iron pans over a fire or by collecting the fruit in heaps and allowing 
fermentation to take place to loosen the husks. Alternatively the fruits may 
be harvested at leisure after having fallen to the ground as they do not 
deteriorate through lying on the ground for a few weeks, and they are not 
eaten by cattle because of the disagreeJible taste. The seed proper, after 
being removed from the husk, can be stored in any dry place for an indefi¬ 
nite period. However, if the seed is to be used for planting it should only 
be removed from the husk immediately before planting, and should not be 
carried over from one season to another. Seeds should be planted during 
the winter following the autumn in which they drop from the trees. 

YIELDS AND PLANTATION COSTS 

Chinese trees yield from one to five bushels of fruit per season according 
to their age. The kernels form approximately half of the weight of the 
fruit and contain 58’3 per cent, of oil by analysis, the usual yield in practice 
being 40 per cent, A tree .should yield its maximum crop in the ninth or 
tenth year and may be expected to have a useful life of about 30 years. 

Little information is available on costs, but experience shows that $200 
per acre is a safe figure to covtM* the cos.t of planting and carrying plantations 
with the necessary cultivations and fertilisation for a period of five years. 
Of this sum, $50 is allowed for the cost of land and cleaning. Up to the 
fifth year there would be no income worth speaking of but it is estimated 
that ev6-year-old trees would yield $100; rising gradually to $200 at ten 
years of age* 
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AMERICAN PRODUCTION 

As has been said, the world was dependent on China for the oil. The 
United States, the post-War consumption of which went up by leaps and 
bounds, were the first to realise the position and to take steps to obviate a 
total reliance on one source of supply and country. In 1914 the U.S.A. 
imported 61 per cent, of the total Chinese exports, in 1918, 77 per cent., 
and in 1925, 80 per cent. Tlie Amer.caa consumption is now 40,000 tons 
per annum. The oil is used to a considerable extent for domestic purposes 
in China, and the increasing world demand will encroach more and more on 
the stocks requ.red for home use, which will mean that they will only be 
parted with at an increased price. The methods of collection and extraction 
of the oil in China are crude and wasteful, yet the crop is regarded as a 
most profitable one by the Chinese. 

It was these cons derations vvhicii led the Americans, very soon after 
the War, to take up the question, added to the fact that they were reluctant 
to depend for their supplies on a foreign country. They began to study the 
possibilities of establishing a domest.c industry and with a period of 
high prices in 1923 brought matters to a head, by forming the American 
Tung Oil Corporation, its object was primarily to demonstrate what could 
be done with tung oil trees in the hope, which has been fulfille<J, of encourag¬ 
ing farmers to cultivate the tree on a large scale upon a commercial basis. 

judged from the manner in which this work is developing over a very 
wide area in the Southern United States, and also in Hawaii and the 
American Pacific Islands, it has become evident that the farmers have 
responded to the efforts of the Corporation. In 1923 all the information 
available in yVmerica was that a few tung oil trees had been successfully 
grown here and there in various parts of the Southern United Slates, the 
oldest of these trees being about 14 or 15 years at that time. The Corpora¬ 
tion acquired land .adjacent to the Agricultural Experiment Station of the 
University of Florida, and the first seedlings were planted in 1924. By 
1926, 2,50i) acres had been planted up, representing about 200,000 trees. 
Distribution of one-year plants raised in nursery centres is made on very 
favourable terms to bona fide farmers. In the autumn of 1926 the Corpora¬ 
tion had half a million seedlings in the nurseries available for distribution. 
The Corporation is assisted by the U. S. Department of Commerce, and 
everything is being done to stimulate the independent planting of the tung 
oil trees. Seed is now being sold from the nurseries to large land-holders, 
and several hundred pounds of seed were shipped in 1927 to New Zealand, 
Jamaica, the Virgin Islands, the Philippines, and to England for Colonial 
purposes. In the Report for 1928 the area under tung oil trees amounted 
to 4,000 acres, whilst another 1,000 acres w^as projected in Florida during 
1929. 

Experiments have been made as to the best machinery for crushing the 
seed, 30,000 lb. seed being experimented upon in 1928. In January^ 1929, 
the first large-scale tung oil mill came into operation, capable of expressing 
about 50 gallons of oil per hour; thus marking the commencement of activi¬ 
ties on a commercial scale. As yet but a small percentage of the trees grown 
are old enough to produce fruit; it is considered, however, that in a few years 
a considerable supply should become available. It is estimated that an area 
of 100,000 acres would be required to supply the present American demand. 
The quality of the American oil is said to be bejtter than the Chinese and 
purer from impurities. 

EMPIRE PRODUCTION 

Turning now to the activities in this direction in the British Empire, 
it is apparent that they fall far short of the American. Prior to 192? they 
were almost negligible. It has been stated that experiments wene started 
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in various Colonies in 1917, though the amount of available seed was small. 
Kenya had a record planting at 5,500 feet in 1922, seed from the trees being 
sent to the Imperial Institute in 1927. India carried out experiments at the 
Forest Research Institute at Dehra Dun. in* 1924 trees of A. Fordii were 
fruiting at SiX years old but the seed germinated badly. The work, how¬ 
ever, was still in an experimental stage. 

The last two years have witnessed a real movement. It was in 1927 
that' the Research Association of British Paint, Colour, and Varnish Manu¬ 
facturers took the matter up when considerable interest and enthusiasm on 
the subject was stimulated in many parts of the Empire by Dr. Jordan’s 
first pamphlet. The Research Association then took the step of purchasing 
700 lb. of selected seed of A. Fordii of the 1927 American crop and cis.ri- 
buted it to privately owned farms and estates, government agricultural 
stations, and forest officers over the widest possible area. The General 
Manager of the Amerjoan Tung Oil Corporation rendered invaluable help 
in this matter, not only with seed but also with advice; “for the American 
view is that beyond a certain point they must ultimately look to British 
Empire production to augment their own supplies.” The distribution of 
the seed by the Research Association was elTected with the help and advice 
of Sir William Furse, Director of the Imperial Institute, and Dr. A. W. Hill. 
Director of the Royal Botanic Gardens, Kew, who heartily co-operated. 

I'he seed was sent to Middle and East and South Africa,*India, Nilgiris. 
Malwa Plateau, C.I., Behar and Orissa, Bengal and Assam, the latter 
province being regarded as the most promising), Malaya, Ceylon, and 
Burma, where A, montana is indigenous. Seven tea estates have taken up 
the matter in Assam. All of them report approximately 50 per cent, 
germination. One estate reports trees averaging four feet in four months 
after transplanting; three reported six feel reports as the rate of growth 
from seed in one season. 

• 

Cyprus is experimenting with the seed, and work is bein^ carried out 
in the West Indie.s. Palestine, Australia and New Zealand. Reports as to 
progress are insisted upon from all recipients of seed; so far those received 
are mostly favourable. As far as .Africa is concerned, tung oil plants of 
the 1927 seed are now bring watched everywhere from Kenya to the Cape— 
in Nyasaland, Tanganyika, the Rhodesias, Transvaal, Natal, Cape 
Province, and in Nigeria. 





ARECANUT 


DEPARTMENT OF AGRICULTURE, CEYLON 
LEAFLET NO. 55 


T WO edible species of Areca are found in the Island: /I* Concinna 
(S* Lenteri), with a red blossom and scarlet fruit. This is a 
wild species, indigenous to Ceylon, and found in the wet low- 
country, especially in the Sabaragamuwa Px'ovince and in 
Rayigam and Pasdun Korales of the Western Province. It is 
occasionally chewed with betel as a substitute for the ordinary arecanut. 

A, Catechu (S. Piiwak; T. Kamuku pakku) is the cultivated species, of 
which three varieties are known: the local (a) Sinhalapmvak; (h) the 
Ratapuwak; and (c) the Hambanpuwak (/I. Catechu var. alha) ^ which is 
stated to have been introduced from Java. 

The arecanut is commonly found in cultivated areas in the moist low- 
country, especially in the Kegalla Dislric't, where, Irom earliest times, it has 
been an important commodity. It thrives below an elevation of 2,500 feet, 
but requires a well distributed rainfall of not less than 80 inches. It grows 
on the slopes of hills, but does better on flat land with surface moisture, 
though it will not endure an excessively wet soil. 

The total acreage under arecanut in Oylon is estimated to be 68,476 
acres, of which nearly half oi'curs in the Province of Sabaragamuwa. The 
distribution of cultivation is as follows: 


Acres 

Kegalla District ... 22,000 

Ralnapura District ... ... 9,000 

Kandy District «... ... 9,000 

Colombo District ... ... 6,000 

Kurunegala District ... ... 5,000 

Matara District ... ... 5,000 


The palm will grow on practically any soil, though a l(X)sc loam is best. 
Sandy and rocky soils are not recommended. The arecanut is a surface 
feeder, and manuring is necessary if maximum yields,, are to be secured. 
In Mysore and other parts of India where the arecanut is under regular 
cultivation, it is not so much the question of soil type as of the application 
of manure thax counts towards the suc'cess of the crop. Small pure planta¬ 
tions may be seen in the Kegalla District and at Lunugala, but in India, 
where special treatmenit is afforded the arecanut, it is always part of a mixed 
plantation of cardamom, pepper, and plantain. 

The local or Sinhala variety commences to yield in the seventh or eighth 
year, and continues to give satisfactory returns up to about the twentieth 
year. The foreign varieties generally come into bearing a year earlier. 

PROPAGATION 

The arecanut is propagated by seed which may be planted in situ: but 
it is preferable to raise a nursery and transplant the seedlings between six 
months and one year old. 

Seed should be .selected from fully grown trees not less than twenty 
years old, which produce at least two bunches a year. The bunches of fruit 
selected for seed should not be removed off the trees till fully ripe, f.e., when 
the fruit begins to drop. 
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The fruits should be neither dried nor husked. Before sowing* they 
should be soaked in water for three days in order to hasten germination. 
The nursery bed should be prepared by carefully digging up the soil, break- 
irig it fine, and adding leaf-mould and well-rolled ('attie manure. A loose 
soil is to be preferred; and if the soil is at all stiff its texture may be 
improved by the addition of sand or ashes. 

The seed nuts (whole fruit) should be placed at a distance of 6 inches 
in rows 9 inches apart, and covererl w ith a layer of loose soil 4 inches deep. 
The bed should be lightly shaded and w'atered daily for three months, after 
which time watering two or throe times a week should be sufficient, lender 
favourable conditions the seed germinate at the end of one month, but the 
shoots may not appear above ground for two or even three months. The 
seedlings should be 6 inches high at the end of the sixth month, and a foot 
high at the end of eight months. 

PLANTING OUT 

Seedlings should be carefully transplanted into well-prepared holes, 
which should be dug 2 leet in diameter to a depth of 1-1.J feel. The holes 
should be liberally manured with leaf mouhl and well-rotted cattle manure, 
and filled with loose surface soil. The seedlings should be lifted with a ball 
of earth and placed in the hole at a depth of 6 inches, after which the top 
soil is filled in. 

The arecanut thrives under shade, and it is not until after the sixth year 
that the pahii begins to bear. C atch crops of plantains can be obtained 
from a young plantation without detriment to the palms. 

'Fhe di.stance of planting recommended is 8 feet by 8 feet, which w’oiikl 
give 680 palms to the acre. It is preferable in the first instance to plant out 
8 feet by 16 feet, and set down a row of plantains alternate* wdth the 
arecanut. These will provide the necessary shade for the early years of the 
palm's growth. At ahe end of the third year ihe plantains should be 
removed. By this time the alternate row^s planted with arecanuls would 
provide the required shade. 

— 16 feet — — 16 feet — 

A A ... A a A 

P 

A A ... A a A 

P 

A A ... A a A 

P 

A A ... A a A 

P 

A A ... A a A 

Plantation during* first three years. Planting in fourth year. 

A Arecanats. A First planting of arecanuts. 

P =r-. Plantains. a .Second planting of areca- 

nuts. 

WEEDING 

In the first year it will be necessary to give three or even four weedings 
in order that the arecanuts may get a good start. After this two weedmgs 
should be sufficient. Cover crops may be used, but it is preferable that a 
of 2 feet around the plants should always be kept clean. 



MANURING 

Well-rotted cattle manure to the extent of 4 basketfuls or about 20 lb* 
should be applied once in two years around each palm, and forked in before 
the rains. Under ordinary conditions it may not be necessary to drain the 
land; but the arecanut palm w.ll not stand any water-logging, and in 
consequence it is essential to cut drains at distances of 30-40 feet on all low- 
lying areas which are liable to poor drainage in the rainy sea.son. 

USES 

The local use of arecanut is as a masticatory with betel-leaf; but in 
India, to which a large quantity is exported, it is utilized for the preparation 
of catechu, which is used in tanning leather. 

The different commercial kinds of catechu are— 

(1) Gambier catechu from Uncaria gambier, 

(2) Bengal catechu from Acacia catechu; 

(3) Bombay catechu from Afeca catechu. 

The arecanut appears in the local market in various forms— 

(1) Ripe fruit; 

(2) Dried whole nuts (seeds); termed gola, karunka or kotta 
pakku; 

(3) Dried broken nuts (seeds) ; termed peti-puwak or kalipakku 

The “Sinhala puwak” has a small seed, hard and close-grained, which 

dries satisfactorily. “Rata” and “Hamban puwak” are not close-grained 
and do not dry well; the former possesses a fragrance whiCh makes it 
attractive for chewing, while the latter is markedly astringent. 

Mature fruits are sun-dried and smoked tor about 24 days, till the seed 
has separated and found, on shaking, [lo be loose. The husk is then 
removed and whole dry seed as sold as “gol-la” or “karunka.” 

For “Kalipakku” only tender nuts are used. The fruits are picked 
while they are still immature and green in colour; they are then split and 
dried on mats. With strong sun, four or live days are sufficient for 
satisfactory drying. 

YIELD AND PRICES 

The custom of the country is to purchase the standing crop; and based 
on current market rates, and an estimate of yield from inspeotion Rs. 12-50 
to Rs. 20-00 is paid for the yield of 100 trees. 

The season for arecanuts is November-March, during which period 2-3 
pickings of 3-4 bunches may be made. The first picking is always the 
heaviest. 

The local variety (Sinhala puwak) yields a heavier crop of 200-400 nuts 
per tree on the average, while the other varieties average 100-200 each* 
The individual fruits as well as seeds of the latter, however, are larger ?md 
heavier; and the ripe fruits of these fetch about Re. 1-00 per 1,000 more 
than the local variety* 

On calculation of 680 trees per acre and a yield of 300 nuts per tree, the 
total annual crop from an acre would be 200,000 nuts. Approximately 
10,000 ripe nuts yield 1 cwt. dry nuts; and the yield of ^‘karunka” may bi 
20 cwt. or of *'kali-pakku’* 8 cwt. per acre. 

The standard ineasure of arecanuts is the amuna of 24,000 dry nut$, 
which ^ The average -yieldIs 8 

good yields may reach up ito 12 amunams^ — v > . : 




Sinhala Puwak II—Rata Puwak III—Hamban Puwak 






The market rates of arecanut products fluctuate; and at the present 
time they are as follows : 

(1) Whole green tender fruits ... Sold by the crop at the rate of Rs. 15 

per 100 trees 

(2) Whole ripe fruits ... Re. 1-25 per 1,000 

(8) Whole dry nuts (karunka) ... Rs. 16 per cwt. 

1 1st quality Rs. 36 per cwt. 

(4) Split dry nuts (kalipakku) I 2nd quality Rs. 24 per cwt. 

J 3rd quality Rs. 17 per cwt. 

The trade of the Island in this product may be gauged from the follow¬ 
ing table: 

Quantity 



Exported (Dried Nuts) 

Value 


Cwt. 

Rs. 

1922 

133,531 

3,331,148 

1923 

160,578 

3,544,212 

1924 

130,904 

3,294,961 

1925 

154,291 

4,046,244 

1926 

165,475 

4,247,825 

1927 

118,278 

3,001,268 

Average of ten years— 
1907-1916 

130,724 

2,590,624 

1917-1926 

151,109 

3,450,512 


Practically the whole of the quantity exported goes to India. 93*7 per 
cent, to British India and Burma and 3*2 per cent, to the Maidive Islands. 

PESTS AND DISEASES 

* 

The following information has been furnished by the Inspector for Plant 
Pests and l)i.seases, Central Division: 

Insects .—One aphid and three dilferent scale-insects are reported to 
occur. The spotted locust, Aularches miliaris^ is not often 
found, but when present may do serious damage by feeding on 
the leaves. 

Disenses .—The most harmful disease is caused by the fungus Phytoph- 
thorn arecae; the fungus first attacks the fruits, causing them to 
rot and fall olf while still immature. As the disease progresses 
the fruit-stalk withers and falls to the ground. The fungus will 
ultimately spread to the crown and cause a rot of the bud, which 
will result in the death of the tree. Wet weather favours the 
development of the fungus and the spread of the disease. The 
following preventive measures are recommended: 

(1) Adequate spacing to allow sunlight and air to enter the plantation ; 

(2) The removal by cutting down and burning of all palms or parts 

which have been killed by the disease; 

(3) Placing a portion of a leaf-spathe over the flowers and bunch of 

fruit to apt as a cover in preventing an excess of moisture 
lodging in the axils of the flower-stalks. In order to control 
this disease when it has occurred, spraying with Bordeaux 
mixture is the only method that can be recommended. This 
treatment is practised in South India and has proved to be 
most successful. 
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DEPARTMENTAL NOTES 

PROGRESS REPORT OF THE EXPERIMENT 
STATION, PER ADENIYA 

FOR THE MONTHS OF MA Y AND JUNE. 1930 

TEA 

T he pruning of the plots which were not pruned last October, viz. 

plots 163, 164, 166, and the Hillside Tea, was completed in May. 
1'he style of pruning adopted was much lighter than that hitherto 
adopted on the Station : all side branches below the pruning level 
were left untouched. 

After consultation with members of the sub-Committee appointed to 
discuss the question of a pruning experiment it was decided not to proceed 
with the scheme. 

In June a mixture consisting of 

Calcium cyanamide ... ... 100 lb. per acre, 

Ephos Phosphate ... ... 100 lb. ,, 

Muriate of Potash ... ... 50 lb. ,, 

was forked into all plots pruned in April and May together with the leafy 
material from Gliricidias. 

RUBBER 

'The results of a number of experiments up to the end of 1929 which 
have not been previously published are included in this report. 

7^e Hilltop Rubber 

This area is divided into three blocks A, B, and C. 

Block A is planted with clumps of 4 trees 12 ft. by 15 ft., with 40 ft. 
betwet^i the clumps, giving 69 trees per acre. 

Block B is planted in avemiies 12 ft. by 15 ft. with 40 ft. between the 
avenues, giving 112 trees per acre.' 

Block C is planted 20 ft. by 20 ft., giving 109 trees per acre. 

Half the. trees in blocks A and B are tapped with a cut and half 
with a singde cut, while in block C half the tiees are tapped on alternate days 
and half every third day. To compare the three methods of planting there¬ 
fore, it is only possible to take into consideration those trees which are 
tapped on alternate days with a single cut. From such trees the following 
yields were obtained up to the end of 1929 : 


Block and method of 
planting 

No. of trees 
per acre 

Average yield per tree 

# 

Calculated yield per acre 

1929 

lb. oz. 

Previous 

1922-28 

Ib. oz. 

Total to 
date 
lb. oz. 

1929 
lb. oz. 

Previous 

1922-28 

lb. 

Total to 
date 

lb. 

A. Clumps of 4 trees 
12 ft, by IS ft. with 
40 ft. between clumps 

69 

5 2 

27 IS 

33 1 

354 

2076 

2430 

B. Avenues. Trees 
12 ft. by 15 ft, with 
40 ft. between avenues 

112 

3 0 

18 7 

21 7 

■| 

336 

2041 

2377 

C. Square planting, 
20 ft. by 20 ft. 

109 

3 12 

21 7 

25 3 

420 

2311 

2731 
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The conditions in the three blocks are not equal but the superior yield 
per tree in the widely spaced clumps compels attention. There is a possi- 
oility that a modification ot the clump systCiii to ^^ive a few more trees 
per acre mij^ht give good results and at the same time give more room 
for the cultivation of catch crops when the rubber is young. 

In growth^ as shown by girth measurements, the trees in w^idely-spaced 
clumps also show remarkable superiority. 



Girth Dec. 1921 

Girth Dec. 1929 

Increase 


inches 

inches 

inches 

Block A 

28*5 

47-8 

19-3 

Block B 

29-5 

44-6 

1ST 

Block C 

27*5 

4T0 

13T 


As stated half the trees in blocks A and B are tapped with a V cut 
and half with a single left-to-riglit ('ut. Jn both cases the cuts ocvupy halt 
the circumference and are at the same height from the ground. The 
average yields per tree since the start of the experiment are given below : 


Year 

Block 

lb. 

Sirifjle Cut 

A Block B Average 

07 .. lb, o/. lb. o/. 

Block A 

lb. o/. 

V Cut 
Block B 

lb. 07. 

Avf*rage incr(^ase 
Average per tr(?e from 
use of V cut. 
1b. oz. * lb. oz. 

1922 (April 















10 December) 

2 

7 

1 

12 

2 

I 

2 

5 

1 

12 

2 

0 


1 

1923 

3 

11 

2 

4 

3 

0 

4 

0 

2 

12 

3 

6 

4- 

6 

1924 

4 

14 

2 

13 

3 

13 

5 

10 

3 

7 

4 

9 

+ 

12 

1925 

5 

0 

3 

2 

4 

1 

5 

7 

3 

10 

4 

9 


8 

1926 

4 

8 

3 

0 

3 

12 

5 

3 

3 

0 

4 

1 

+ 

5 

19:^7 

5 

0 

2 

14 

3 

15 

5 

6 

3 

9 

4 

8 


9 

1928 

4 

7 

2 

10 

3 

8 

4 

15 

3 

6 

4 

2 

+ 

10 

1929 

5 

11 

3 

0 

4 

6 

6 

11 

4 

3 

5 

7 

+ 1 

1 

'1 otal 

35 

10 

21 

7 

28 

8 

39 

9 

25 

11 

32 

10 

+ 4 

4 


I'he figures show a steady superiority of yic'ld from the V cut amount¬ 
ing over s(‘ven years and nine months to 4 Ih, 4 oz. per tree. 

It has been claimed that the use of a V cut results in a smaller pro¬ 
portion of scrap rubber. The difference in this experiment, however, is 


not marked, "f'he figures are as follows: 



Percentage scrap of total yield 


Year 

Single cut 

V cut 

1922 

ITO 

11*6 

1923 

10‘7 

13*9 

1924 

168 

14 4 

1925 

17’7 

10*0 

1926 

233 

19*0 

1927 

17T 

17*9 

1928 

180 

20*5 

1929 

21*4 

15*8 

Average 

170 

15-3 

In Block C 

a comparison between alternate day and three-day tapping 


is in progress* 
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The cuts on the trees Upped every three days are started at two-thirds 
of the height of the cuts on the trees tapped on alternate days so that 
the two cuts reach the bottom of the trees at the same time. 

The following table shows the average yields per acre: _ 

Year Alternate day tapping Three-day tapping Percentage of 

Series Series Series Average Scries Series Series Average alternate day 
1 8 6 2 4 6 tapping yield 

obtained by 
three-day 



lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

02. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

tapping 

1922 (April 


















to December 

2 

2 

2 

3 

1 

13 

2 

1 

1 

10 

1 

9 

1 

9 

1 

9 

75‘5 

1928 

8 

0 

3 

2 

2 

10 

2 

15 

2 

10 

2 

4 

2 

8 

2 

7 

85'1 

1924 

8 

6 

4 

1 

3 

5 

8 

9 

2 

12 

2 

13 

2 

13 

2 

18 

790 

1925 

8 

6 

8 

12 

3 

13 

3 

n 

2 

15 

2 

15 

2 

15 

2 

16 

8V4 

1926 

3 

3 

8 

4 

3 

1 

8 

8 

2 

14 

2 

12 

2 

11 

2 

12 

80-9 

1927 

3 

5 

2 

15 

3 

8 

8 

4 

2 

6 

2 

8 

2 

7 

2 

7 

82-5 

1928 

3 

1 

3 

0 

2 

13 

2 

15 

2 

2 

1 

15 

2 

2 

2 

1 

74-6 

1929 

3 

11 

3 

14 

3 

n 

8 

12 

3 

5 

2 

18 

2 

11 

2 

15 

788 

Total 

25 

2 

26 

3 

24 

10 

25 

6 

20 10 

19 

9 

19 

12 

19 

15 

79*6 


It appears that a reduction of the number of tappings by one-third 
reduces the yield by only about one-fifth. 

Of possibly more interest than the yield per tree is the incidence of 
brown bast. From the start of the experiment the incidence has been less 
in the three-day tapping series. At the end of 1929 the total number of 
trees which had been treated for brown bast or showed symptoms of the 
disease amounted to 10% of the trees tapped on alternate days and 5*5% 
of the trees tapped every three days. 

All the present experiments in the Hilltop rubber will terminate at ihe 
end of 1930. 

, The Hillside Rubber 

In this area there is a compariiion between tapping daily in alternate 
months and tapping on alternate days throughout the year. To obviate differ¬ 
ences caused by unequal weather conditions in the different months two 
series are tapped daily in the months of January, March, May, etc,, two are 
lapped daily in the months of February, April, June, etc,, while the remain¬ 
ing two series are tapped throughout the year on alternate days. 

The average yields per tree are given below : 


Alternate daily 


Daily 

in January, 

Daily in February, 


throughout the 


March 

, May etc. 

April, June etc. 


year 








04 



Average of 

I .s 

MV 

> 

8 

•g 

1 f 

1 1 1 

all daily 
tapped 


< 

cn 

c/i i 

in w 4 

series 



lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

1922 (April 





















to Dec. 

1 

14 

1 

14 

1 

14 

1 

13 

2 

0 

1 

14 

1 

15 

1 

15 

1 

15 

1 

15 

1928 

3 

8 

3 

0 

3 

4 

3 

0 

3 

3 

8 

2 

2 

14 

3 

0 

2 

16 

S 

0 

1D24 

4 

1 

3 

11 

3 

14 

3 

9 

3 

8 

8 

8 

3 

14 

3 

14 

8 

14 

3 

11 

1926 

3 

13 

3 

4 

3 

9 

3 

10 

3 

9 

3 

9 

3 

12 

3 

15 

3 

14 

3 

11 

1926 

3 

10 

3 

5 

3 

8 

3 

n 

3 

9 

8 

10 

4 

6 

3 

8 

3 

15 

3 

13 

1927 

4 

4 

4 

12 

4 

8 

3 

5 

3 

12 

3 

8 

3 

14 

4 

0 

8 

15 

3 

12 

1928 

4 

2 

4 

2 

4 

2 

2 

IS 

8 

6 

3 

8 

3 

4 

3 

9 

3 

6 

3 

4 

1929 

4 

10 

4 

7 

4 

8 

3 

12 

4 

8 

4 

8 

4 

3 

4 

6 

4 

4 

4 

4 

Total 

29 


26 

7 

29 

3 

25 

It 

27 

7 

26 

9 

2$ 

1 

28 

8 

28 

2 

27 

6 
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Over the whole period of 7 years and 9 months the yield of the trees 
tapped on alternate days shows a superiority of 1 lb. 10 oz. per tree. It is 
found that after resting for a month the trees usually take 10 days before 
resuming their full yield but in spite, of this the yields from the two methods 
do not show marked differences. The yield from any part of an estate 
which was tapped daily in alternate months would depend largely on the 
incidence of rainfall for that year. It might be considered more convenient 
to have the tapping labour more concentrated. 

The effect of different methods of tapping on brown bast incidence is 
alwayr. important. The number of cases among the trees tapped daily in 
altercate months has been consistently higher and at the end of 1929 the 
total number of trees which had been treated or which showed symptoms 
of the disease was 15% among the trees tapped daily in alternate months 
and 9% among those tapped on alternate days. 

Plot 87. Left-to-Right vs. Right-^to^Left Cut 

This experiment was started on April 1st, 1926. Two cuts, one left-to- 
right and one right-to-left, are put on each tree, each occupying a quarter 
of the circumference. The two cuts together form an inverted V and 
occupy half the circumference. The latex from all left-to-right tuts, and all 
right-toleft cuts is collected separately. 

114 trees were originally used but 6 were treated for brown bast during 
1929 and taken out of tapping. 

The yields for 4 years are shown below : 


Year 

Grammes dry rubber 


Difference 


Left-to-right 

Right-to-left 


• 


cuts 

cuts 


. 

1926-27 

162681 

151119 

Left-to-right 

better 

1927-28 

136397 

143728 

Right-to-left 

5 % „ 

1928-29 

140121 

139060 

Left-to-right 

i% M 

1929-30 

185739 

182278 

I^ft-to-right 

1 % M 

Total 

624938 

616185 

Left-to-right 

14 % M 


The yields appear to indicate that the direction of the slope of the cut 
does not materially influence yield. The percentage of scrap is also the 
same in both cases. 

A left-to-right cut is the normal estate practice and there would appear 
to be no object in changing this practice. 

The Avenue Rubber. One-Third Resting Experiment 

This experiment was started on April 2nd, 1928. There are 12 plots 
of 2S trees each. Six of these plots are tapped on alternate days throughout 
the year. The other six plots are divided into three sub-plots of 8 trees 
each known respectively as the (a), (b), and (c) sub-plots. Each of these 
sub-plots is rested in turn for a month at a time so that only two two-thirds 
of the trees in these six plots are in tapping at any one time. 

The following are the yields per tree for the first two years; 
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The principal point calling for comment is that the loss in yield by 
resting one-third of the area under tapping for a month at a time is 
doubled in the second year of the experiment. The reason for this is by 
no means clear. It was thought that possibly there was a variation in the 
rubber content of the latex but this does not appear to be so. The figures 
are as follows: 

No, of grammes of dry rubber in 100 cx. Latex 

Continuously tapped plots One-third rested plots 

1928- 29 ... 34*7 ... 36*3 

1929- 30 ... 35*5 ... 37*9 

The ratio between the figures from the two sets of plots has remained 
about the same and the question of rubber content affords no explanation of 
the problem. The rainfall for 1928-29 was 88*95 and for 1929-30, 98*71 in. 
As both sets of plots arc tapped on the same days, however, all plots 
fare alike in the matter of weather conditions. 

In any case it will be observed that considerably less than one-third of 
the crop is lost by resting one-third of the area, and, what is still more 
significant, in the continuously tapped plots 13 trees (9% of the total 
number) have been treated for or show symptoms of brown bast while there 
are no cases in the one-third resting plots. Both this method of tapping, 
therefore, and three-day tapping appear to confer a considerable measure 
of immunity from brown bast. 

The Bandaratenne Rubber. Forking of Vigna vs. No Forking 

In this area an experiment to determine the effect on yield of forking 
in a cover of Dolichos hosei (Vigna) was started on April 1st, 1928. The 
area was divided into 12 plots of 26 trees each, the plots receiving the 
different treatments being arranged in randomised pairs. In one set of 
plots the Vigna was cut and forked in by envelope-forking twice a year 
while in the other plots it was left untouched. A good even cover of Vigna 
existed at the start of the experiment. 

The yields for the first two years of tapping were as follows : 
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In 1928-29 the forked plots showed a significant increase of yield of 
9*7% over the unforked plots. This increase was much larger in 1929-30 
and amounted to 19*9%. 

Although the forked plots have yielded signifi('antly more than the 
unforked plots there is no proof that the increase is due to the forking in 
of the green material. It is quite possible, and even probable, that it is 
due to the forking, and a moditication of the experiment is needed to 
elucidate this point. It is proposed in future to fork both sets of plots but 
only to fork in the green material in one set of plots. 

In the meantime, however, the cover has become very patchy and 
many bare spaces are to be seen especially in the forked plots where the 
vigna has in many cases failed to come on again after forking. It is 
proposed therefore to suspend the experiment for a year and in that time to 
try to re-establish an even cover of vigna. 

Plot 165. Budded Rubber 

This plot was planted in December 1922. Buds from what were then 
(after 1 year’s tapping) the twelve best yielders in plots 14-15 (progeny of 
No. 2 tree Heneratgoda) were put on to stocks grown from seed of No. 2 
tree Heneratgoda. 

In the light of modern knowledge of what constitutes a high-yielding 
rubber tree none of the mother trees used can be considered high yielders 
and it is therefore not surprising that no high-yielding clones are found 
among the offspring. Tapping was started with a single cut on the halt 
circumference at a height of 21 inches on May 1st, 1928. The yields for 
the first two years of tapping are as follow^s ; 


No. of No. of trtjt*.? Mt'an yield of 
Clon^ in Clone dry rubber in 

j^rammes per 
tapping 

1928-29 1929-30 

grammes grammes 


P 5 

10 

412 

7*24 

P 12 

9 

4 14 

6-95 

P 32 

8 

3-79 

6*52 

P 38 

8 

405 

7T5 

P 42 

10 

3-39 

5'33 

P 54 

5 

300 

6'66 

P 67 

7 

3-52 

6‘59 

P 82 

9 

4-13 

6-64 

P 83 

10 

2-76 

5 63 

P109 

7 

4-46 

6*35 

P138 

3 

4-64 

6 94 

piee 

8 

4-16 

6*88 


Mean yield of dry rubber , 

per tree per year 

• 

1928-29. 1929-30. 

grammes lb. grnmmesi lb. 

688 20 

1*52 

1194 60 

2*74 

691-33 

T52 

114877 

2*64 

633-38 

T40 

1076*75 

2*47 

675-75 

1'49 

1180*25 

2*71 

550-00 

1*23 

979 90 

2*25 

500-00 

ITO 

1099*40 

2*52 

588-29 

T30 

1087*00 

2 50 

689-55 

1*52 

1096*55 

2*52 

463-80 

102 

929*10 

2*13 

748-86 

1-65 

1049*42 

2*41 

775-00 

1-71 

1146 00 

2*63 

694-25 

1-53 

1136*50 

2 61 


All yields show a considerable increase in 1929-30 which is partly due 
to the increased age of the trees and paitly to better w^eather conditions. 

On May 1st, 1930 the trees were divided into three groups of 30 trees 
each and tapping was started on the other side of the trees at three different 
heights. One group is being tapped at 5 feet from the ground, one at 
S feet and one at 1 foot. All cuts are on the half circumference at an 
angle of 22J^. Tapping is on alternate days. 
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Plots 83^^86—Rejuvenation Experiment 

'i'he area used for this experiment is divided into four plots. In each 
plot the bark consumption is worked out so as to use up the available bark 
in one, two, three, and four years respectively. 

Plot 1 is tapped daily to the wood on two cuts on the half circumference 
with 2 inches of bark consumption per month. 

Plot 2 is tapped daily to the wood on two cuts with inches of bark 
consumption per month. 

Plot 8 is tapped daily to the wood on two cuts w^ith 1 inches of bark 
consumption per month. 

Plot 4 is tapped daily in alternate months, fine tapping but not to the 
wood, with 1| inches of bark consumption per month. Plot 4 
thus receives only half the number of tappings given to plots 1, 
2 and 3. 

The two cuts are in each case one above the other. 

Quite early in the experiment it w^as apparent that many of the cuts, 
both top and bottom, in plots 1, 2, and 3 were going dry. In these 
cases the cut was changed to the other side of the tree, in a few cases 
these second cuts have also gone dry and the tree is yielding little or nothing. 
It appeared thus that daily tapping was defeating its own ends and was 
possibly uneconomic except over a period of 3 or 4 months. 

An article entitled Tapping to Death: A Warning.” was contributed 
to the April number of I'lte Tropical Agricult 14 rist in which the results of 
this tapping for 4 months were given. 

The results after 8 months of tapping are as follws : 

Plot 1 Plot 2 Plot 3 Plot 4 

Number of original top cuts 

put ^on 68 76 43 40 

Number of original bottom cuts 
put on 68 76 43 40 

Number of second top cuts 
put on when original cuts 

had gone dry 14 27 8 — 

Number of second bottom cuts 

put on 29 23 18 1 

Total number of cuts opened 179 202 112 81 

Number of original top cuts 

gone dry 13 28 9 — 

Number of original bottom cuts 

gone dry 28 25 18 1 

Number of second top cuts 

gone dry 111 — 

Number of second bottom cuts 

gone dry 2 2 1 — 


Total number of cuts gone dry 


44 


56 

29 


1 

Percentage of cuts gone dry 


25 


28 

26 


1 

Number of trees in plot 


68 


76 

43 


40 

Yield of dry rubber per tree 

lb. 

oz. 

lb. 

oz. 

lb. oz. 

lb. 

oz. 

for 8 months’ tapping 

10 

14 

n 

14 

13 a 

10 

9 


It was pointed out in the article referred to that the rapid drying out of 
cuts was not more pronounced in th« top cuts than in the bottom cuts, in fact 
the reverse has been the case. Arguments were also adduced to show that 
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tapping to the wood was not responsible. The varying amount of bark con¬ 
sumption appears also to have exerted little influence and everything points 
to the daily lapping as the cause of the trouble. 

At the end of 8 months the yield of plot 4 which has rect^ived only 
half the number of tappings given to the other three plots is not greatly 
in arrears and it seems quite possible that it may catch up the other three 
plots by the end of a year. Kven if it fails to do this the crop from plot 
4 will have been obtained at much less cost than that from the plots tapped 
daily throughout. 

In spite of the losses through cuts drying out, however, the general 
level of yields is well worthy of note. Yields of from 10 to 13 lb. of dry 
rubber in 8 months, which include the wintering period, indicate that when 
the best system of tapping to death is evolved yields amounting to two and 
a half times the normal may be easily obtained. 

Tt is at present tentatively sugg’ested that four cuts on a third (or 
rather more than a third as long as the tree is not completely ringed) 
tapped on alternate days or daily in alternate months might give the 
highest yield. 

CACAO 


1'he yields of dry cacao per acre for the last sewen years have been 
as follows : 


Year 

cwt. per acre of dry cacao 

Rainfall 

1923-24 

224 

106*42 

1924-25 

3 10 

103*82 

1925-26 

5*45 

87*31 

1926-27 

503 

98*11 

1927-28 

441 

80 33 

1928-29 

2*49 

88-95 

1929-30 

4*58 

98*71 


l"rom 1921 to January 1928, no manures were applied to {he cacao. 
From January 1928, 12 out of the 41 acres of cacao have received phos- 
phatic and potash manures in accordance with the manurial experiment now 
in progress. I'he above yields tend to show that cacao yields fluctuate 
far more with the season than as the result of manurial treatment. 


Holes were dug over about 30 acres to receive dadap cuttings to 
increase the shade where this had become deficient, and cuttings were 
planted in tlie latter half of June. 


COFFEE 

Pruning of all coffee was started when the crop season was over and 
was nearly completed by the end of June. 

FODDER PLANTS 

Plot 167, containing Efwatakala grass (MeUnis minutiflom), was 
ploughed up in Mav and replanted in June with Guinea grass (Pnfiicum 
fuaximum)^ The Efwatakala grass had become so choked with Couch 
grass and other weeds that its retention was considered useless. This is, 
at Peradeniya, the common fate of all creeping grasses in which systematic 
weeding is not practicable. 

The trial of Indigofem endecaphylhi as a grazing plant was recorded 
in the report for November and December, 1929. Subsequent experience 
has shown that though well liked by cattle the plant will not stand conti¬ 
nuous grazing. It has however, proved exceedingly useful as a cut fodder 
to supplement the supply of grass in times of shortage. 
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FRUIT 

One plant of the consignment of grapefruit plants received from South 
Africa in April, 1928, matured two fruits In May, 1930, at an age of just 
over two years. The variety was Cecily Seedless and the flavour of the 
fruit was distinctly different from that of fruits from Ceylon seedlings and 
much more akin to the flavour of Californian grapefruit. 

OIL-PRODUCING PLANTS 

It was reported last year that the plants of Hydnocarpus whighHana 
(one of the sources of Chaulmoogra oil) growing in the terraced valley were 
severely attacked by a leaf eating caterpillar. The plants remained in a 
moribund condition for some months and in May, 1930, a fresh attack of 
the same caterpillar ocu:urred. The land in the terraced valley falls natu¬ 
rally into three blocks and it has been decided to retain the block containing 
the best of the Hydnocarpus trees in this crop and to plant the other two 
blocks with Turaktogenos kurzii and Aleurites montann respectively. The 
former is another chaulmoogra oil-producing tree which does not appear 
to be attacked bv the caterpillar which has done so much damage to the 
Hydnocarpus. The latter is one of the sources of Tung oil. This reorga¬ 
nisation was started in the latter half of June. 

CINCHONA 

Neither Cinchona robusta nor Cinchona led^erinna, of whch plants 
from Hakgala w^ere planted in plot 25 in June, 1929, are thriving. Of the 
two C. Icdgeriana is the best. 

MISCELLANEOUS 

Section II of the Manual of green manuring in Ceylon, comprising 
the Green Manuring of tea, coffee, and cacao, was submitted for publica¬ 
tion at the end of April. 

The number of visitors during the period under review has been above 
the averatre but none of these carhe on the fi?*st visitors* day. On the 
second visitors* day two visitors arrived but they were not aware that it 
u'as a visitors’ day. 

Weather conditions were abnormal. Torrential rains accompanied by 
floods fell on Mav 5th and 6th. On May 6th and 7th a large stretch of 
the approacdi road, the dwarf coconut area, the Gannoruw\n paddv fields, 
the Totadeniya paddy fields, and grass plot 167 were completely sub¬ 
merged. A period of severe drought followed; the rainfall from Mav 13tb 
to June 13th, amounted only to ’35 inches. 

THE IRIYAGAMA DIVISION 

A considerable amount of work in preparation for the budding and 
planting to be done towards the end of the year has been completed. 

'Fhe three areas laid out on the plant for this ve?ar*s buddincr and plant¬ 
ing have been divided into blocks and plots, the position of the plots in 
the blocks being randomised. All stocks in the fields have been painted 
with distinctive colours representing the clone to be budded on to the slock, 
and where there are no stocks at present and budding is to be done in the 
nursery the peg bearing the hole label has been similarly painted. 

Planting sheets have been prepared showing the numbers of the ho^es 
to be occupied by each clone. 

All border row seedlings have been painted with a white band and all 
vacancies in border rows have been filled. 



57 


All vacancies, which will be filled with budded plants from the nursery, 
have been re-holed. 

In area 2, which will be entirely planted with stumps budded in the 
nursery, all holes have been re-dug. A quantity of green material has been 
buried in all these holes when filling. 

All terraces have been cleaned and any damage repaired. 

In area 6 (planted with foreign clones) the bush green manure plants 
were lopped for the second time and the loppings spread along the 
terraces. 

In the newly completed area 7 (to be planted with the remainder of the 
foreign clones available this year) a mixture of Tephrosia Candida, Tephrosia 
tinctoria, Crotalaria anagyroides, and Crotalaria usaramoenis has been 
sown along the banks in addition to the creeping cover of Centrosema pube- 
scens and Calopogonium mucunoides which is already established. 

Land has been cleared and a new nursery laid out for the reception 
of 1930 seed to grow stocks for 1931 budding. 

After the completion of these works the labour force was mostly 
employed in extracting stumps, building stont steps and fencing. The 
estimates for the former two works are already expended but no other 
work has been available and shortage of funds precluded the use of this 
labour on the Experiment Station. 

T. H. HOLLAND, 

Manager, 

Experiment Station, 
Peradeniya. 



DERANIYAGALA SCHOOL NOME GARDEN 
COMPETmON 

T he above competition was organised at a meeting held on King’s 
Birthday in 1927 presided over by Mr. L. Archdale, Superinten¬ 
dent, Lassahena Estate, in order to encourage Home Gardens of 
both present and old b<^s. 

Mr. Archdale very kindly offered Rs. 30/- as prize money for 
these competitions. 

This year 29 old boys and 37 present boys entered the competition. 
The gardens were systematically planted and well cultivated. All the 
gardens were visited by the head teacher and the Agricultural Instructor, 
Ruanwella, and the final judging was carried out by the Agricultural 
Instructor. 

Fhc following were adjudged prize winners; 

PRESENT BOYS’ HOME GARDENS 

1st prize Dingiri Mahatmaya ... ... Rs. 10 00 

2nd ,, Wijeyasckcra ... ’ ... ,, 500 

OLD BOYS’ HOME GARDENS 

1st prize V. P. Brampy Appu Hamy ... Rs. 10*00 

2nd ,, U. D. Hendrick Singho ... ,, 5*00 

These prizes were distributed at the King’s Birthday celebrations. 
Certificates were also issued to the successful competitors. 


VEGETABLE GARDEN COMPETITION IN 
KALUTARA DISTRICT 


A vegetable, garden competition was held during 1929-30 for 
Raigam Korale and Kalutara and Panadura Totamunes in the 
Kalutara District when 90 competitor.s were registered. The 
number of entrants is considered satisfactory in view of the 
adverse weather condition.s prevailing at the commencement of 
the competition. Further the standard of the plots entered for competition 
was high, and a di.stinct improvement on the competition held Iasi year. 
Advice and assistance were given by the Agricultural Instructor of the 
division, who also conducted the preliminary judging. 

At the final judging carried out by the Divisional Agricultural Officer. 
South-Western, Gampaha, the following were declared winners : 


RAIGAM KORALE 

1st Didaragama VidaneJage Juvanis Appuhamy Rs. 25*00 

2nd Matara Aratchilage Chilis Sinno 15*00 

3rd Marasinhawasige Davith Sinno ,, 10*00 

4th W. Mary Nona C^jrtificate 

KALUTARA-PANADURA TOTAMUNE 
1st Edusooriyage Peeris Perera ... Rs. 25*00 

2nd Don Luvis Rodrigo ... ,, 15*00 

3rd M. Peter Peeris ... ,, 10*00 

4ih A. P* Lucas Vas ... Certificate 
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ANIMAL OISBASB RETURN FOR THE MONTH 
ENDED 30th JUNE, 1930 




No. of 
Canes up 





!■ 

Province, &c. 

Disease 

to Date 
since 

Fi esh 
Cases 

Reco¬ 

veries 

£ 

rt 

No. 

Shot 



/an. 1st 



0 





1930 







ktnderpest 

595 

115 

92 

426 

4 

73 

Western 

Koot-ind-mouth disease 
Anthrax 

254 


218 

10 

26 


Piroplasmosis 

Kabies. (Dogs) 

... 


... 

... 

... 

... 



Kiiideriiest 








Koot'aiid-mouth disease 

443 

2 

429 

12 

1 

1 

Colombo 

Municipality 

Anthrax 

Haemorrhagic 

septicaemia 

1 

6 

1 

... 

1 

6 



Black Quarter 

2 



2 




Itovtne Tuberculosis 

1 



1 




Kabies (Dogs) 

8 

1 

... 



8 

Cattle Quarantine ^ 

Rinderpest 







Station 

Foot-and-mouth disease 
Anthrax (Goats) 

295* 

70 


295 




Rinderpest 

... 


... 

— 


... 


Foot-and-mouth disease 

643 

50 i 

600 

■9 

41 j 


Central 

Anthrax 

1 



■H 




Piroplasmosis 


... 

1 

3 

• •• 



Rabies (Dogs) 

6 

4 


4 


2 


Rinderpest 

lii 

18 

21 

101 


... 

Southern 

Kool-'ind-moutl: disease 
Anthrax 

269 

10 

263 

6 


... 


Rabies ( Dogs) 

1 


... 

1 

... 

••• 


Rinderpest 

■“5“'t 

5 


i 1 

4 

... 


Toot-aiid-mouth disease 

2975 


2905 

70 



Northern 

black Quarter 

126 



126 

J 



Rabies { Jogs) 

Anthrax 

3 




» 

3 

Eastern 

Rinderpest 

... 



IB 



Foot-and-mouth disease 
Anthrax 

100 

12 

86 

|H 

12 

... 



Kiiulei pest 

38nO 

4J5 

i[()T) 


10 

■ 73 T 


Foot-and-mouth disease 

70 

66 

70 

HIB 



North-Western 

Anthrax 

Pleiiro-Pnenmonia 





... 

... 


(in Goats) 

50 



50 

... 


North-Central 

Rinderpest 

Foot-and-mouth disease 

1069 

... 

1045 

24 




Anthrax 







Uva 

Rinderpest 

Foot-and-mouth disease 

72 


72 

■ 




Anthrax 






... 


kindei pest 

60 

3 

5 

53 


' 2 


Foot-and-mouth disease 

1295 

136 

1249 

10 

36 


.Sabaragamiiwa 

Anthrax 

Haemorrhagic 


... 


... 

■ 



senticaemta 

9 

... 

... 

9 


... 


Rabies (Dogs) 

9 




n 

7 


* I ciiRfi in A buffalo, 

t At the Kiyts Qiirantine Camp in a batch of cattle imported from India on 18th June. 


O, V. 8, Offtec, 

Colombo, 9th July, 1930% O. W. STXJRGESS, 

Government Veterinary Surgeon. 
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METEOROLOGICAL REPORT 

JUNE, 1930 



Temperature 

Humidity 


j Hainfall 

Station 

Heaui 

ximum 

Ulf- 

fercnce 

from 

J 

u 

Dif¬ 

ference 

from 

« 

a 

is 

rs 

•S? 

F 

g 

E 

■SSk 

iSS 


o 

^ 0) 

“IS 


, as 

Avera<{e 


Averai^e 


.Us 

< 

a. 


5 


0 

o 

o 

0 

rr 

/o 


I Inches 


1 Inches 

i 

Colombo 

84-9 

-0*3 

75'7 

- 1*3 

82 

88 

9 0 

13'34 

25 

+ 

4-98 

Puttiilam 

85 8 

+ 0 1 

78'8 

-h0*9 

76 

85 

7 1 

016 

4 

- 

1*54 

Maninar 

88'0 

--0’8 

803 

-1-0'2 

74 

82 

90 

010 

1 

- 

044 

Jaffna 

86-1 

+ 0‘5!8r2 

+ 06 

77 

79 

6-7 

013 

1 1 

- 

0-50 

rrinbomalee - 

90 I 

- 17 

78*1 

fOl 

64 

80 

6'8 

0 94 

4 

- 

0-28 

Batticaloa 

91*4 

-09 

767 

+ 01 

67 

84 

70 

3-13 

9 

+ 

220 

Hanibautota - 

85'9 

-0'3 

76'I 

+ 04 

79 

88 

5'6 

1-63 

12 

- 

073 

Galle 

84-Q 

+ 0*3 

76-5 

-0'7 

84 

88 

76 

8;09 

25 

- 

0*23 

Rattiapiira 

862 

+ 0*6 

738 

- 1*0 

78 

93 

80 

17'68 

28 

- 

2*21 

A^piira 

89-2 

-0*9 

760 

-0-3 

68 

91 

7 8 

0 16 

2 

- 

112 

Kurunegala < 

86'S 

-01 

75-5 

+ 0‘1 

76 

86 

8'7 

3 15 

16 ; 

- 

4*77 

Kandy 

83‘0 

+ n 

709 

-0*1 

76 

87 

80 

11-75 

23 1 

+ 

2'35 

Badulla 

83*9 

-1 3 

65-5 

+ 09 

71 

95 

69 

3 82 

14 1 

+ 

164 

Diyatalawa - 

764 

-IS 

616 

-0*9 

66 

76 

7*4 

0'62 

5 

- 

127 

Hakgala 

69'1 

+ 0'4 

57*9 

+ 0 9 

80 

83 

5 8 

707 

18 

4- 

0'35 

N’Eliya 

e6’5 

4-2-0 

55*2 

+ n 

84 

91 

8-5 

10'92 

26 


r62 


The rainfall of June was slightly above average in the Western 
Province, but below it in those parts of Sabaragamuwa and the C.P. 
which Constitute the main south-western face of the hill-country, and in 
Kalmunai, only small variations from average occurred, deficits being 
decidedly more common than excesses. 

In the remainder of the island the June averages are not high, and the 
fact that they were passed on the lee side of the main hills does not denote 
heavy rain in these areas. North of a line from Negombo through Kandy 
to Batticaloa, and south of one from Ambalangoda through Koslanda to 
Kalmunai, only small variations from average occurred, deficits being deci¬ 
dedly more common than excesses. 

The highest total was 3T13 inches at Kenilworth, which is nearly six 
inches below the |une average at that station. Only a few^ stations recorded 
no rain at all. 'Phese were mostly in the Vavuniya district but also included 
Kayts and Delft. Maggona with 5*30 on June 1st was the only station to 
record more than 5 inches in one day. 

The amount of cloudiness was considerably above average and the 
duration of sunshine was consistently below. The same thing shows mildly 
m the temperature oifsets, as the mean maximum temperatures were below 
average at more than half the stations, while the mean minimum tempera¬ 
tures were more often above average than below. 

Hail was reported at Badulla on June 4th. 

The total wind mileage fw the month was below^ average throughout, 
Respite some individual cases of high wind, notably on the 29th and 80th, 
when velocities of 52 and 49 mOes per hour were recorded at Colom^ 
Harbdttr and hig*h winds were also reported in the Diyatalawa and Ohiya 
districts. 

A. J,, B>^FORB, 
Superintendent, ObservaWry, 
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ERRATA 

In the article bv R. K. S. Murray in the June issue of The Tropical 
Agriculturist on “Sulphur Dusting as a Means of Controlling Oidium” 
Plates U and V should be interchanged. The legend: “Kandanuwara 
Estate. Dusting in Progress—20-2-30” applies to Plate V ; and the legend ; 
(‘kandanuwara Estate. Dusted field after four applications—11-3-30” 
applies to Plate 11. 
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EDITORIAL 


THE COCOA INDUSTRY 


A n interesting Memorandum upon the production and 
trade in Cocoa has recently been issued by the Empire 
Marketing Board. Its perusal can be recommended 
to those interested in this commodity. Like tho.se of 
almost all other agricultural products the prices obtainal)le for 
cocoa have in the last few years shown a decline and the question 
is naturally a.sked whether this crop, similar to others, is feeling 
the influence of overproduction, ft is in some measure, there¬ 
fore, satisfactory to be informed that the world seems capable of 
absorbing considerably larger supj)lies of cocoa. Its further 
introduction to nations not largely using it is to be desired. The 
consumption of cocoa, as is well known, takes place largely in 
two forms, as a beverage and in confections of which chocolate 
is the chief. It is interesting to note the mutual relationship 
between these two forms, whilst cocoa for drinking purposes 
requires the removal from the natural article of a large portion 
of its fatty content, cocoa butter, chocolate on the other hand 
requires an addition of cocoa butter in its composition. This 
peculiar interdependence between cocoa ami chocolate really 
requires a much larger consumption of cocoa in beverage form 
than in chocolate form in order to dispose of the cocoa powMer 
from which the fatty butter has been removed. The reverse 
however would seem to be the case in most countries. A recent 
falling off in the world’s consumption of chocolate is said to he 
the result of the tobacco habit amongst women and the generally 
Increased consumption of fruit, amongst other things. 
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Cocoa is essentially a product of the tropics. The cocoa 
tree does not flourish where the temperature falls below 60®h 
nor at an altitude above 1,800 feet. The area capable of 
producing cocoa is thus strictly limited. The area capable of 
growing cocoa in Ceylon, in consequence of temperature and 
humidity requirements, has to lie between 500 feet and some 
1,800 feet elevation. At present about 35,000 acres are esti¬ 
mated to be under cocoa here. The Gold Coast is the greatest 
cocoa exporting country, its present day production being over 
two hundred thousand tons. Next comes Brazil with some 
seventy thousand, then Nigeria with about half the quantity of 
Brazil. Ecuador, I rinidad, San Domingo, and France’s African 
Colonies each produce about a tenth of the quantity of that of 
the Gold Coast. Although Ceylon comes a long way clown in 
the list with some four thousand tons, yet she shares with the 
West Indian Islands and Western Samoa the reputation of 
producing a finer grade of cocoa than other lands. Whilst these 
fine cocoas have to compete with the cheaper products of 
countries yielding ordinary cocoas it is satisfactory to note that 
those manufacturers of chocolate who use the fine grade of cocoa 
are able to maintain their trade by virtue of so doing. Scientific 
research which would lead to an increase in the yield of our 
cocoa ^rees, and thereby enable us to produce our fine cocoa more 
cheaply, is predicted as a likely line from which help may come. 
Ceylon is already contributing for* this purpose tf) a scheme of 
joint research with other Colonies and some of the more promi¬ 
nent cocoa and chocolate manufacturing firms. As with tea, so 
with cocoa, there would seem to be j)ossibilities for a much 
greater consumption. Whilst cocoa is a popular beverage 
amongst the working classes in France, Germany and Belgium, 
yet there is ample scope for it to become more so amongst many 
other nations. The consumption of chocolate too would appear 
to have by no means reached its maximum. 

Before the War the United Kingdom was by far the largest 
buyer of Ceylon cocoa but to-day much the greatest quantity is 
taken by the Philippine Islands. In 1913 the United Kingdom 
took some 2,200 tons and the Philippine Islands some 400 tons, 
whilst in 1928 the United Kingdom took 550 tons and the 
Philippine Islands 1,500 tons. There do not appear to be any 
other reasons than proximity, and we trust an appreciation of the 
high quality of our produce, to account for this increasing con¬ 
sumption of our cocoa by the Philippine Islands which apparently 
consume all they import and export none. 
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PRESENT POSITION IN REGARD TO 
THE CONTROL OF PRICKLY-PEAR 
(OPUNTIA DILLENII, HAW) IN CEYLON 
BY THE INTRODUCED COCHINEAL 
INSECT DACTYLOPIUS TOMENTOSUS, 

LAMK 


F. P. JEPSON, M.A., 
ASSISTANT ENTOMOLOGIST, 
DEPARTMENT OF AGRICULTURE, CEYLON 


T he cochineal insect Doctylopius tomentustis Laink, was 
first introduced into Ceylon from Australia in August 
1924 through the agency of the Australian Common¬ 
wealth I’rickly-pear Hoard and was successfully estab¬ 
lished from the first cultures received. The introduction was 
made with the object of controlling Opuniia dillenii, one of the 
local species of [trickly-pear which had been, for many years, a 
troublesome weed in the Northern districts of the Island. 


An account of this introduction and the progress of the 
experiment up to October 1929 has already been given by 
Hutson ') and the object of the present note is to continue this 
account from that date to the present time. 

The original material received from Australia was retained 
at Peradeniya until the insects had become acclimatised and tintil 
a sufficient number of them had been bred from the original 
parents to insure supplies being available for distribution. The 
descendants of this introduction are .still being bred from in the 
insectary of the. Entomological Laboratory at Peradeniya and 
are available for distribution as required. 

It is desirable, at this stage, to make brief reference to the 
local distribution of the two recognised species of prickly-pear 
which are classed as weeds in Ceylon. 

From information now available it would appear th.at many 
years ago the prevalent species throughout the drier coastal 
districts of Ceylon was Opuntia monocantha Haw., although 
Trimen (2) states this to be O. dillenii Haw., and makes no 
mention of 0. monocantha. At the time of writing (1894) he 
states that 0. dillenii was the only naturalised .species of prickly- 
pear in the Island. A very extensive area of the Northern 
Ij’rovince was, at one time, infested by 0. monocantha but, about 



64 


the middle of last century, was practically exterminated by the 
wild cochineal insect Dactylopius indicus, believed to have been 
derived from Madras. At the present time O. monocantha is 
extremely rare in the Northern Province and only occasional 
isolated plants are to be found. 

Although D. indicus also occurred on O. monocantha in the 
Southern Province its establishment does not appear to have met 
with the same marked success as in the north as this species of 
pear still persists in parts of the Southern Province but under 
some degree of control by this insect. 

Following the disappearance of O. monocantha from the 
Northern Province its place appears to have been rapidly taken 
by another species Opuntia dillenii, and there is every reason to 
believe that this plant was an introduction from Southern India 
where it is still established over a vast extent of territory. So 
far as is known this species does not appear to have made much 
progress in a southerly direction. The limits of its advance 
along the coast appear to be Mannar on the west and Foul Point 
on the east. In 1912 it was cultivated in the Colombo district 
as a hedge plant to some extent and, although botanical records 
are not available, it is .said to occur, also, in the Hambantota 
district of the Southern Province. 

Several attempts were made in the past, and as recently as 
1904, to cope with the recrudescence of pear in the northern 
parts of the Island by introducing from the Southern Province 
the cochineal insect which was exercising a controlling influence 
upon the species of pear growing in the Tangalla district. All 
of these attempts met with failure and it was found impossible to 
induce this insect to settle down on the variety of pear which had 
now taken possession of the northern districts. The reason for 
this failure was not understood at the time but in the light ol 
more recent knowledge it was clearly due to the fact that the 
species of pear in the two districts were not the same. This fact 
does not appear to have been recognised until the visit to Ceylon 
in 1913 of the Queensland Prickly-pear Travelling Commission^'’) 

The differences between the two common species of Opuntia 
established in Ceylon are quite marked but are not generally 
apj)reciated. The failure to recognise these differences has led 
to, consignments of D. tomentosus being sent, on request, to 
districts where O. dillenii does not occur and, consequently, 
attempts to establish the parasite on O. monocantha have failed. 
Although 0. monocantha is now so scarce in the Northern 
Province as to be only rarely encountered requests for sU]^plie4 
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of O. dillenn from this province for the propagation of D. tomen- 
iosus at Peradeniya have resulted, on two occasions, in consign¬ 
ments of 0. monocantha being sent. 

It is important that the differences between the two species 
should be recognised as D. lomeniosus coniines its attention in 
nature to 0. dillenn. It has been, with difficulty, transferred tc 
O. monocantha in the laboratory at Peradeniya but it does not 
thrive on this species and all attempts to establish this insect on 
O. monocantha in the wild state htive met with failure. 

Illustrations to .show the main differences between the leaves 
of the two local species of Opuntia, together with a table showing 
other distinctive characters, have already appeared in a previous 
number of The Tropical AgticulturistO) but the characters by 
which the two species may be readily recognised may be briefly 
recapitulated here. 

Opuntia monocantha bears spines which are straight and 
u.sually solitary and dark at their apices. The segments are 
bright-green and the petals of the flowers, reddish externally. 
O. dillenii, on the other hand, bears yellowish spihes, mostly 
curved and associated in groups of from 2-5. The segments are 
grey-green and the flower petals yellow externally. Both 
species are known to the Sinhalese as “Katu-patuk” and to the 
Tamils as “Naha-kalli.” 

The inability' of the established cochineal insect, D. iv-dicus, 
to exercise any controlling influence on O. dillenii in the Northern 
Province was one factor which led to the introduction of D. 
tomentosus into Ceylon in 1924 and since that time the work of 
f)ropagating this insect has been confined to parts of the Island 
in which O. dillenii is now' established as a troublesome weed, 
particularly' in the districts of w'hich Jaffna, Mannar and I'rinco- 
malee are the centres. 

A consignment of the first brood derived from the original 
importation of D. tomentosus from Australia was forwarded to 
Trincomalee in March 1925. A very large area of Fort Frederick 
was infested by this weed and the initiation of the experiment 
was undertaken by the Irrigation Department which had its 
headquarters in I'rincomalee at that time. The insect was soon 
establisihed and rapidly spread through the areas infested by 
pear. At the end of 1926 the Director of Irrigation reported 
that the last area of pear in Fort Frederick was being dealt with 
and indicated that if it was desired to make any further use of 
this acclimatised insect in other parts of the Lsland it would be 
necessary to collect and distribute it at an early date. Other- 
wise there was a danger of it disappearing with tihe last survivals 
if its host plant in this locality. At this time he also reported as 
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follows: “There now remains practically no unaffected pear in 
an area of 30 acres where formerly the pest was rampant. The 
infestation has been carried out by merely throwing an infested 
leaf into a healthy clump of pear. The experiment appears to 
have been entirely successful.” On receipt of this report action 
was at once taken to collect infested leaves and transport them 
to Jaffna, Mannar ami the island of Delft. 

In 1927 steps were also taken to establish the insect on 
pear at Foul Point where the w'eed was becoming a nuisance in 
the vicinity of the lighthouse. The Inspector of Coast Lights, 
Trincomalee district, has recently reported that this introduction 
has been a complete success. When the insect was first estab¬ 
lished the pear bushes were H-10 feet high and were encroaching 
on the lighthou.se buildings. About 75% of the original infested 
area has now been cleared by the .agency of these insects which 
are still active and are destroying the remainder of the pear. 
This officer also staled that the beneficial action of the insect is 
very much more noticeable in the dry season and suggests that 
this may possibly be accounted for by the action of the salt-spray 
on the normal development of the in.sects during the N. E. mon¬ 
soon, the affected area being liable to receive this .sf)ray from the 
sea during this season of the year. 

In November 1929 the writer visited the Trincomalee district 
and although he was not personally acquainted w'ith the original 
area covered by the weed it vl^•^s evident from the testimony of 
those who possessed this knowledge that a very considerable 
elimination of pear had taken pla'cc in the district as a result of 
the agency of this insect. A few large i.solated filants were still 
to be seen in the immediate vicinity of Fort Frederick but in all 
cases were infested w'ith the parasite and their destruction was 
only a matter of time. It w'as observed, in certain extensive 
areas which had obviously been previously covered by pear, that 
a few single leaves were making their appearance above the soil 
in isolated spots. As the cochineal insects had di.sappeared with 
the last of the pear plants which they had destroyed, there was 
a danger of the weed again becoming established from these foci 
unless steps were taken to remove these occasional solitary small 
plants or to infest them with the parasite. The importance of 
reaping the full benefit of the useful work performed by this 
insect by completing the work where neces.sary, was impre.ssed on 
the agricultural officer in the district and he agreed to deal with 
all small isolated patdhes of new [)ear as soon as they appeared. 

Such complete success has attended the establishment of 
this insect in pear-infested regions that there is a tendency to rely 
solely on the agency of the parasite to maintain the position 
which it has brought about, but as the insect has no ready means 
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of dispersal the destruction of its host must inevitably lead to its 
own extermination. Under such circumstances reliance cannot 
be placed upon the insect to establish itself, unaided, on small 
isolated patches which arise after the orij^inal heavy growth has 
been disposed of. Ihe insect can be relied uptin to perform, 
successfully, the initial heavy task of clearing the land from this 
encumbrance but it is necessary that continued attention should 
be directeil to the comparatively simple duty of completing this 
good work where required. The eradication of new growth in 
small and isolated centres from which new infestations may arise 
is, therefore, a very necessary operation and it can be |)erformed 
either by digging out the plants or by inoculating them with the 
parasite. If this policy is pursued in a systematic manner there 
is no reason why the weed should not, eventually, be completely 
eradicated from the extensive area of country of which it has 
been in undisputed possession for so many years. 

Other centres in the Trincomalee district to which cultures 
of this insect have been transported ;md successfully established 
are Niroddtimunai, Nilaveli and Kuchchaveli. , I'he officer 
responsible for the distribution work in this district is the Agri¬ 
cultural Instructor who is under the direction of the Agricultural 
Officer in charge of the Northern Division with headquarters at 
Jaffna. T his Officer, Mr. W. P. A. Cooke, has taken a great 
personal interest in this interesting and important experiment 
and its success in the northern districts of the Island,‘is very 
largely due to his initiative and influence. 

The first introduction of the insect into the extreme north of 
Ceylon was made in May 1925 and, in view of the extensive 
area occupied by pear on the island of Delft, it was decided to 
liberate the first cultures on this island. Great difficulty was 
experienced in establishing the in.sect in this place and several 
consignments were <lespatdhed from Peradeniya before the 
experiment was finally successful in April 1926. Two years 
later tihe Government Agent, after visiting this island, reported 
that “the spread of the cochineal insect on Opunlia dillenii was 
noted as being quite remarkable.’’ In another portion of his 
report he stated that “isolated bushes were found infected all 
over the island of Delft, and in many cases these bushes were at 
a considerable distance from any other infected bush.’’ 

The first cultures e.stablished on the mainland of the Jaffna 
peninsula were from material sent from Peradeniya in June 
1925. Propagation was carried out at the Farm vSchool, Tinne- 
veli. To supplement these cultures, which had been success¬ 
fully developed, further material was .sent in August of the same 
(year and again in July 1926. In October of the latter year, the 
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Divisional Agricultural Officer was requested to establish a 
nursery for the propagation of the parasite for further distri¬ 
bution in the peninsula and, in the same month, the Jaffna 
material was augmented by further supplies from Trincomalee. 

One year later, that is in November 1927 a report was 
received from the Agricultural Officer to the effect that the insect 
had been distributed and established in the following centres of 
his division: Experiment Station, Farm School and town of 
Jaffna, Kirimalai, Kankesanturai, Anaikkoddi, Vannarponnai 
West, Chunnakam, Mayiliddi, Kondavil, Avarangal, Tavadi, 
Kokuvil, Point Pedro and Achchiiveli as well as on the islands of 
Allaipiddi and Eluvaitivu as well as Delft which has already 
been referred to. In October 1928, it was further reported that 
distributions had been made to Chankanai, Punnakam North and 
Urelu. In all cases favourable accounts of the work of the 
insect were received and a very large area of pear w'as .said to 
have been destroyed by its agency. 

All of the above centres, with the exception of Chankanai 
and the islands of Allaipiddi, Eluvaitivu anil Delft were visited 
by Mr. W. C. Lester-Smith, Plant Pest Inspector, Central 
liivision, in March and April 19^10 and he reported that “In 
many of these places there, is little and in .some no evidence of 
the existence of this pest Opuniia dillcnii. In certain areas, how¬ 
ever, unless the pest is carefully watched a recrudescence will 
occur as in a few areas, chiefly tho.se which were not heavily 
infested oj-iginally, there are many small plants coming up. Very 
many of these appear to be uninfe's'.cd by the parasite and their 
regeneration and the introduction of the })arasite will require 
attention in the near future. It is of particular interest to note 
the following fact of which 1 was informed by the Divisional 
Agricultural Officer, Northern Division. In some areas several 
acres of land are now under cidtivation which, previous to the 
introduction of the par<asite, were all in Opuntia scrub some 6-10 
feet high.’’ The reference to the appearance of young plants 
in areas which had been cleared of the main infestation and the 
need for their eradication are of interest in view of the remarks 
already made on the same subject in regard to the position at 
Trincomalee. 

Mr. Lester-Smith also learnt that there is now some reluc¬ 
tance, on the part of cultivators, in this quarter of the island to 
encourage the further distribution of the parasite on account of 
the fear that it might turn its attention to cultivated plants. As 
he pointed out there is no foundation for this fear which appears 
to have arisen owing to the superficial resemblance of this insect 
to some of the injurious mealy-bugs and it should be the duty of 
the agricultural officers in this division to relieve the minds of the 
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cultivators on this point. D. tomentosus was not introduced 
into Ceylon before the most careful inquiries had been made 
regarding its habits and behaviour and there is no danger of this 
beneficial introduction becoming a pest of cultivated plants. It 
is most important that this fact should be realised in this locality, 
otherwise there is a grave danger of this successful campaign 
against Opuntia dillcnn receiving a severe set-back. 

Useful work has been done in distributing 1). tomentosus in 
Mannar, which is also within the agricultural division adminis¬ 
tered by Mr. Cooke. I he first cultures were .sent to Mannar 
from Trincomalee in October 1926 for propagation and distri¬ 
bution by the Agricultural Instructor at Mannar and the Rev. 
Father S. J. Stanislaus at Pesalai. The in.sects were soon estab- 
li.s^hed at these centres and in February 1928 it was reported 
that further distributions had been made to Kuddiruppu, Uppu- 
kulam, Panankaddikottu and Periyakadai in the same district. 
It was further reported that the insects had multiplied and were 
spreading very satisfactorily and that they had destroyed a large 
number of bushes in these areas. 

When visiting the Mannar district in April of this year 
Mr. W. C. Lester-Smith found that excellent progress had been 
made at Pesalai through the interest and enthusiasm of Father 
.Stanislaus and that very little pear remained in the area which 
had received attention. He observed, however, as in the cases 
already quoted at Jaffna and 'I'rincomalee, that young plants*were 
making their apj>earance. The campaign does not appear to 
have been prosecuted with the same degree of ze;d in other parts 
of Mannar and there is ample scope for further distribution work 
in the island. The pear- in the Mannar di.strict was, in 
Mr. Tester-Smith’s opinion, more luxuriant in grow^th than at 
Jaffna and there were large areas free from infestation by the 
parasite. Where establi.shed, however, the reproduction of the 
insect appeared to be most vigorous and the degree of infestation 
very high, though its extent was not as great ns that noted in the 
Jaffna Di.strict. The insect is thoroughly e.stablished in this 
neighbourhood and its further distribution re.sts with the agricul¬ 
tural officer stationed at Mannar. 

Cultures of D. tomentosus were sent, on request, to Wera- 
gama, in the Matale district, and to Balangoda in 1927. The 
original material could not be establi.shed on the pear growing at 
Weragama and the .same applied to several subsequent consign¬ 
ments. Finally an entomological officer visited this district to 
ascertain the cause of these repeated failures and found that the 
prevalent species of Opuntia in this district was monocantha and 
not diUenii. The failure of the Balangoda experiment was attri¬ 
buted to the same fact. 
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Althougii this article is intended to summarise the present 
position in regard to the progress of prickly-pear control in 
Ceylon by D. tomentosus it may be of passing interest to men¬ 
tion that cultures, derived from the original importation from 
Australia, have been exported to, and successfully established 
in, Mauritius and Southern India. 

In January 1927 a request for a supply of D. tomentosus 
material was received from the Director of Agriculture, Mauri¬ 
tius. The first consignment of infested pear was despatched in 
March of the same year but was reported to have arrived in 
poor condition with no surviving insects. A second consignment 
was accordingly sent in June, followed by a third in March 1928. 
This last consignment was also a failure but information was 
received in May 1928 that the insect had been established from 
a few survivals of the second consignment. It was mentioned, 
at the same time, that attempts were being made to establish 
this species of Daclylopius on Opuntia tuna which occurred in 
Mauritius and closelv resembled (). dillenii but the .success of 
this undertaking has not been ascertained. It was of interest to 
learn, from the same source, that Coccus cacti {J^actylopius 
coccus Costa) had been introducetl from .South Africa and was 
exercising a very efficient degree of control in Mauritius on 
Opuntia monocaniha, the species which is common in the Southern 
Province of Ceylon. 

In December 1920 an application was received from the 
Entomojogisl, Department of Agriculture, Mysore State, India, 
for a supply of /). tomentosus. ' I his request was immediately 
complied with and the consignment was followed by a second one 
in January 1927. Both consignments arrived safely and the 
insects commenced to breed on the fresh pear to which they were 
transferred. 

About the same time a similar application was received from 
the Manager of the Madura Co., Ltd., Tuticorin, South India 
and consignments were despatched to him in December 1926, 
January 1927 and a third in the following month, all of which 
yielded living material from whidh a very succe.ssful undertaking 
has developed. Recent information has been received which 
indicates that the progeny of the original cultures obtained from 
Peradeniya have now been established over an area of 40,000 
square miles, that very large tracts of land in the southern 
portion of the Madras Presidency have been cleared of pear 
through the agency of this in.sect and that the land so liberated 
was now under cultivation for the first time for many years. In 
the opinion of one landowner an area of country, valued at one 
lakh of rupees, had been set free for cultivation in the Tuticorin 
district alone. Further, it was estimated that by the year 1940 
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an area of 114,000 square miles of country, now occupied by 
pear, would be liberated for cultivation by the agency of this 
introduced insect. 

If there is any pros])ect of this prediction materialising this 
exploit promises to become a classic example of the control oi 
weeds by biological methods. 

A recent official report ('f) states that this insect has become 
firmly established in Madras but some doubt is expressed as to 
the desirability of further assisting it.s dis.semination in view of the 
value of the plant as a live hedge and for manurial purposes. 

SUMMARY 

1. Dactyiopiiis Icnnevlosus was introduced into Ceylon, 
through the agency of the Australian Commonwealth Prickly- 
pear Board in August 1924 for the purpose of controlling 
Opuntia dillenii a species of [irickly-pear which had taken posses¬ 
sion of a large tract of country in the north of the Island. 

2. The two common pest pears in Ceylon are Opuntia 
dillenii, chiefly prevalent in the north, and O. monocantha more 
common in the south. I'he latter has been under control in 
Ceylon for many years by the wild cochineal insect Daciylopius 
indicus, believed to have been derived from Madras about the 
middle of last century. I'his species is not a parasite of 
O. monocantha. I'he essential differences between these two 
species of Opuntia are mentioned. 

3. The introduceil parasites were acclimatised at Pera- 
deniya and [iropagation was continued until sufficient material 
was available for distribution. 

4. The first cultures were liberated in March 1925 at Fort 
Frederick, Trincomalee, where a large area of pear scrub was 
cleared in eighteen months. F'urtlher distribution in this district 
was al-so successful. At the present time only occasional isolated 
plants are to be seen and the large ones are infested by the 
parasite. 

5. The insect was established on the island of Delft in 
April 1926 after several unsuccessful attempts extending over 
one year. The spread was rapid and by April 1928 colonies 
were to be found all over the Island. 

6. In June 1925 the insect became e.stablished at Jaffna 
and the local supply of the parasite was augmented, periodically, 
from Peradeniya and also from Trincomalee. Extensive distri¬ 
bution has been made in the Jaffna peninsula, all the principal 
centres having received supplies of infested material. The 
experiment has been most succes.sful in this region and the pear 
has been completely eliminated from certain areas. Land which 
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was previously occupied by Opuntia scrub, 6-10 feet higih, is now 
under cultivation. 

7. The Mannar supplies of the parasite were obtained from 
Trincomalee in October 1926 and successful establishment was 
effected at Mannar town and Pesalai. The results of the intro¬ 
duction to this quarter are particularly striking at Pesalai where 
a large area of land has been reclaimed from the pear. There 
is scope for considerable extension of the work of distribution in 
other districts of this island where the pear is of particularly 
vigorous growth. 

8. Distribution to certain other centres has failed owing 
to the prevalent pear in these localities being 0. monocantha and 
not O. dilletm. The importance of recognising the difference 
between these two species is emphasised. 

9. Cultures from I’eradeniya have been forwarded to, and 
established in, Mauritius and South India. An area of 40,000 
square miles is said to have been already reclaimed from this 
weed in the Madras Presidency entirely by the agency of this 
insect and an area nearly three times this size is expected to be 
cleared in ten years’ time. A large extent of country has now 
been made available for cultivation for the first time for many 
years. Land valued at a lakh of rupees has been freed of pear 
in the Tuticorin district alone. 

K). In conclusion, it is considered that this introduction 
has been amply justified by the results obtained. The necessity 
for aiding the parasite by'disposing of isolated leaves which 
appear in the cleared areas is apparent in Mannar, Jaffna and 
Trincomalee and the attention of agricultural officers, in the 
di.stricts concerned, to this important matter is required. 
Another important point which should be impressed uj)on the 
cultivators in the districts where the insect has been established 
is that they have nothing to fear from this introduction so far as 
their crops are concerned. The difference between this bene¬ 
ficial Coccid and the injurious types requires to be pointed out to 
them as unless their complete confidence in the utility of the 
campaign can be secured, and maintained, there is a danger ol 
much valuable land again reverting to pear scrub in certain 
districts of the Island. 
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POD ROT IN COCOA^ 



rPH cocoa running- down th(.‘ hill because of low prices many 
of the standard precautions, we regret to say, have been 
neglected in cultivations that in the days gone by were among 
the bvist. 


One of the primary causes of pod rot in ('ocoa is the 
propagation of the fungus on the rotting shells from which the beans have 
been extracted, which are left lying on the surfac-'e without any treatment. 

One of the best means of getting rid of these shells is to open up 
several holes according to tlie quantity of pods reapt‘d and drop eac h shell 
in the hole immediately after it is emptied. A dasli of lime or w'oodashes 
helps to preA>ent any trouble. The hole need not he closed immediately ; 
indeed, it is better to leave it open until the pods have shrunken a bit. In 
any case coc'oa shells should never be left on the surface to rot. 


Pod rot is more frequent in damp places, and in case of extraordinary 
humidity the attack may sometimes assume serious proportions. I'his 
fungus is very troublesome and attacks the pod at almost any stage of its 
growth. It is the same trouble that causes that shrivelling of the small 
pods. In big pods it is very distinctly noticed. It begins either at th(; 
lop or the bottom of the pod. Pods that are attacked do not last very 
long and the trouble is one that we should make every effort to control. 

All diseased pods should be removed as soon as possible and either 
buricvl with lime or burned, seeing* that they continue to breed the spores 
of tlic fungus which may remain in the soil for a long time until damp 
weather gives them the conditions for rapid spread so that even r.a well 
cared, healthy tree may get infected from rotting, infected material left 
lying carelessly on the surface or from diseased pods nearby. 

Added to that, this fungus is the (*:ause of the well-known canker in 
cocoa, whic'h attacks the cushion of the tree and also the bark and the 
w^ood. 


In the days of high pric'cs, as mentioned before, sanitary measures, 
of the kind referred to above for the protection of the trees, were very 
common, hut with low prices and indifferent cultivation as a result many 
of the cultivators have begun to be careless. 

Another hit of carelessness that we notice in moving about co<'oa culti¬ 
vations is the destruction of the cushion by improper methods of reaping 
the pod. The pod should be removed with a knife and the ('ushion should 
not be injured in any way; otherwise canker is likely to altai.k and destroy 
not only the cushion itsejf but may extend to the limb and cause it to rot 
altogeher. If left alone the wdiole tree may perish as a result of the canker. 
Pruning and lightening the cultivation in very damp locations atid seasons 
might help in keeping down the loss to a minimum. 

In the days of low prices we want high production and everv means 
should be exercised to keep our trees in good health and production. 


* From The Journal of the Jamaica Agricultural Society, Vol, XXXIV, No. 5, 
May 1^^. 
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COCONUT RESEARCH IN MALAYA* 


U P to the time of the formation of the Rubber Research Institute 
of Malaya, the main activities of most of the research divisions 
of the Malayan Department of Agriculture were necessarily 
confined to the investigation of rubber problems. Coconut 
investigations, however, formed a main line in the Divisions 
of Economic Botany and Entomology long before the inauguration of the 
Rubber Research Institute and since 1920 much work has been done on 
coconut research by the officers of these Divisions. When the rubber work 
of the Department was taken over by the Rubber Research Institute, other 
Divisions devoted more time to coconut problems, so that at the present 
lime this crop is receiving a considerable amount of attention as regards 
research necessities. 

In 1920, the Division of Economic Botany commenced taking indivi¬ 
dual yield records with a view to studying variation in individual palms. 
In 1922, an Experimental Coconut Plantation of 50 acre^ was started 
between Klang and Port Swettenham and planted up with seed nuts of 
known origin. 

The study of variability in coconuts by the Division of Economii' Botany 
up to date has shown that as regards fruiting qualities, the ('o-efficient of 
variation in the number of nuts produced per annum, is as high as 34% of 
the mean production per palm under average estate conditions. Tht^ 
study of variation has also revealed the fact that 19% of the palms on the 
average* estate are unprofitable. Fruiting characters of individual palms 
have been found to be definitely constant over a period of eight years and 
no doubt this constancy also exists as regards the oil content of copra from 
individual palms within tint rang^ of seasonal variation. Investigations on 
this point are already in hand by the Chemical Division. 

The entomological work from 1920 onwards included investigations 
into the life history of the more important pests of coconut palms and the 
following special bulletins have been issued : 

(1) The Two-coloured Coconut Beetle (Plesispa reichei). 

(2) Red-Stripe Weevil of Coconut (Rhynchophorus schach). 

Further considerable work on the Black Beetle {Oryctes rJiinoceros) 
and the influence of Tirathaba rufivena (Greater Spike Moth) on immature 
nut-fall has been undertaken. 


The study of diseases of coconut palms was under investigation during 
the days of intensive rubber work but after 1926 this work was considerably 
accelerated. The work was mainly concentrated on the elucidation of the 
so-called ‘‘Bud-Rot” problem. In 1922, a paper was published in the 
Annals of Botany describing inoculation experiments which led to the con¬ 
clusion that the problem had not been finally settled and that, as far as 
Malaya was concerned, the whole subject needed reinvestigation. Numerous 
articles on coconut diseases have since been published and in 1928 a special 
double number of The Malayan Af^riculttiral Journal was published giving 
the results of the work up to date. The important results may be sum¬ 
marised as follows: 


1930. 


By A. Sharpies in The Malayan Agricultural Journal. Vol, XVI11, No. 2, February 
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(1) No evidence has been found lo support the sugj^estion that a form 

of epidemic Hud-R(»t, caused by parasitic' org-anisms, exists in 
Malaya. 

(2) I'hat Lightning is of primary importance* in the question of so- 
called Malayan Rud-Rot and probably of other aifections. 

(3) That Merasmiua palmivorous n,s. plays a r6lc of some* importance 
in so-called Rud-Rot manifestations in Malaya. 

Fn 1928, a report entitled Copra Manufacture, by H. C, Sampson, was 
received in whic h he reviewed the present Hmpire position with regard to 
quality of c'opra and the possibility of improving the quality, with sugges¬ 
tions as to the reUwant lines of research and the place where the work 
could he best undertaken. The report suggested infer alia that “Malaya 
seems to olTer the bf*st scope for c*.arrving out this work for not only Is 
copra becoming of inc reasing importance as an export fre^m there, but the 
country probably has better facilities in the of staff and equipment 

than is possessed by other colonies interested in this matter. It would he 
a nuK’h better country than Ceylon since the climatic conditions in the main 
cax'oiuil growing districts of that island much more closely resemble those 
of lie* \\T‘st C'oasl of India where sundrving is largely prac-tised. 

As the matter was of considerable (Imperial) importance economically, 
the Rmpire Marketing Board, after consultation, expressed their willing¬ 
ness to provide a contribution towards the cost of the* Research, an offer 
which the local administration ac'c'epted. I'he more immediate work on 
cojira research obviously demanded study from the chemical point of view, 
and airangements for the spec'ial appointnient of an Assistant Chemist for 
(\)|)ra Research were made on the initiative of the Empire Marketing Board. 
The appointnient was filled, and this oflirer assumed duties in October, 
1929. 

'I'lie question of the appointment of a Copra Research Chemisj was 
under discussion when the OircH'tor of Agriculture arrived in Malaya in 
1929. 1'he I>in*c'tor of Agric ulture suggested the formation of a" Depart¬ 
mental (\>pra Research C’ommittee, with thd object of correlating the various 
lines of w'ork in progress, and making suggestions for its extension on 
properly co-ordinated lines, the Head of Divisions to sit as members with 
the (lovernment Mycologist as Chairman. 1'his Committee held its first 
meeting on April 14th, 1929, and made a number of rec:ommendations 

relativ^e to the desirability of collec:ting informaiion on the subject of copra 

maiuifac:ture in Ceylon and the marketing of c'opra in England. As a 

result, the Government on the recommendation of the Director of Agricul¬ 
ture* approved : 

(a) Of an olfic'cr bt:ing deputed to obtain informaton as to the market 

standards required by c'opra dealers in England and data concerning other 

fac'tors in influencing the price of copra on the English markets. A report 
on this subject has been lately submitted by the officer in question 
(Mr. D. H. (irist, Agricultural Economist). 

(b) Of an officer being deputed to visit Ceylon with a view to. obtain¬ 
ing informaiion relative lo manufac.'ture of copra in Oylon, for purposes 
of comparative study. Subsequently, a schedule was submitted by the 
Committee to the Director of Agriculture indicating various additional lines 
of w^ork which appeared to offer prospects of yielding useful information. 

A considerable amount of useful research wwk on copra had already 
been achieved by the Chemical Division. This work comprised parti¬ 
cularly : 

(a) Analytical comparison of the composition of Malayan copra with 
Ceylon and Malabar copra. 
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(b) Studies of variations in oil ccuntent of copra from selected palms. 
This work was being carried on in collaboration with the Economic 
Botanist. 

With reference to (a) the work so far performed appears to indicate 
that commercial Malayan copra is of lower oil content than copra from 
Ceylon and Malabar, but this result required confirmation by further 
analyses. In the opinion of the Acting Agricultural Chemist the alleged 
inferiority of Malayan copra may be largely due to climatic causes. Elforts, 
will, therefore, be made to obtain further information on this point by 
importing seed nuts from Ceylon and Malabar, and by making enquiries 
in this country to ascertain whether any seed nuts have ever been imported 
from Ceylon, in addition to those at Klang Experimental Station, the trees 
from which are not yet in bearing. As a result, a provisional outline pro¬ 
gramme of work on copra research was formulated as follows. This 
programme may be subject to modification as experience is gained. 

(a) The Assistant Chemist for Ck>pra Research on arrival in 
Malaya should in the first place undertake a series of tours through the 
Malayan coconut districts with the object of obtaining a general knowledge 
of the various conditions associated with the coconut industry. These have 
already been commenced, 

(b) After the preliminary survey, a detailed study of the production 
of copra stage by stage would be commenced. The following items indicate 
the more important lines to be followed : 

1. Systematic comparative analysis of native and estate copra from 
different districts in Malaya, Borneo and Sarawak. 

2. Examination of further samples of copra from other countries, e.g,, 
Ceylon and Malabar and a detailed comparison of actual nuts from 

• Ceylon, Malabar and Malaya , . . also microscopic comparison. 

3. l^aboralory experiments on the colour of soap produced, and the 
bleaching properties of ccK^onut oil derived from copra from 
different sources . , . these tests are used in the soap and edible 
oil industry for grading oils. 

4. Structural examination, radially and tangentially, of nuts of various 
shapes, sizes and states of ripeness in order to determine the best 
sampling position to l>e adopted in the succeeding work. 

5. An elaborated examination including tangentially sectioning of 
under-ripe, ripe and over-ripe nuts derived from two high-yielding 
and two low-yielding palms. 

6. The same from a palm yielding uniformly small nuts, and one 
yielding uniformly large nuts, 

7. The same from palms of different ages, and also of different types. . . 
in conjunction with chemical analysis of soils and fruit^. 

»v Thlinning out the flowers or young fruit to note the effect on the 
yield and oil per cent, of copra. 

9. A study of tapping for toddy, noting its effects on yield and oil 
per cent, of copra. 

10. An elaborated study of the structure and growth of coconuts 
obtained by dating individual nuts, immediatiely the spathe opens, 
and by picking individual nuts daily between 200 days and until 
natural nut fell commences, including microscopic examination and 
free fatty acid determination. 
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J he basis of ( omparison between the individual nuts will be 
the ‘Ripeness factor** or “total oil per unit area of meat,’* (Oil 
% Wet X dliickness of Meat x Sp. (jr. M(‘at) which will, it is 
anticipated, eMeclivcdy overcome iuclividual differences in shape, 
size, meat thickness and erratic' development of the nuts examined. 
In this eonnection, neither total oil nor oil pc'rci'ntag'c (dry) is 
considered here an effective method for studying nut development. 

11, Bulk determination of the total oil derived from 100 lipe ung'ermi- 
nated nuts and 100 partially germinatt'd nuts and 100 youni^ nuts, 
and the same for nuts kept one, two and four months longer before 
opening, 

12. The preparation of a comparative statement of the picking systems 
in vogue on different plantations and the copra obtained (quality 
('opra and oil yield per 1,000 nuts). 

18. An examination of the working costs of different methods of 
('ollection and estate transport atid the. effect, if any, on the copra 
obtained. 

14. 'Die preparation of a ('oinparati\'e statement of the Capital Cost, 
Maintenance and Repair Charges, Life of Plant, laibour Costs, 
Capacity, Spec'd and lifficitmcy of existing driers and of lli(‘ pro¬ 
prietary driers at present on the market. 

15. A comparison of the working temperature and humidity conditions; 
and (T the* ('olour, stnaiure and cjuality of the copra obtained by 
the existing methods : Siin-drving, smoke-drying, simple hot air 
drying, and chulu drying and also of perfect ('opra ol.>taim*d on a 
smalt s('al(‘ undi‘r lalioraforv ('on<Iitions. 

16. 1'he elTei't of washing the meat in water, 2';,, formaldehyde, 
hyporhloritt' or sulphurous ac'id be.f(.>re drying. 

17. The (‘Ifc'ct of ‘sulphuring* during drying. 

18. 7'he t ffe. t of the size' of coconut meat on the* rate' of drying and 
suhs«‘quent mould formation. 

19. Small-sc'ale experiments in burning coeoniit shell, using forced 
drauglit . . . consideration of the use of a gas producer as a source 
of heat. 

20. Small-scale Laboratory experiments under varying conditions ot 
drying, noting structure and physical condition of resulting copra. 

21. 'I'he elTect on mould formation, of chopping the c'opra after drying. 

22. A study of the storage of the different types of copra from different 
soure'es under warehouse conditions, noting variation in oil, free 
fatty ac'id and moisture. 

28. A studv of the maintenanc'e of low moisturt' content, or its fluctua¬ 
tion under conditions of varying humidity for copra of differenl 
physical struc'ture. 

24. A study of mould, free fatty acid formation and insect attack under 
varied conditions of temperature and humidity. 

25. A comparison of dean and mouldy copra from the same source. 

26. The efTect of mixing (on a 25%, 50% and 75% basis) of estate 
with native t'opra, noting results. 

27. A study of the temperature and huniidity conditions in a c'opra 
cargo boat with a view to possible improvernents. 
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28. The actual preparation on a large scale of copra containing 72% 
oil and a comparison between it and that derived from Ceylon and 
Malabar, and the working oil and copra yield per 1,000 nuts. 

in addition to the above, a considerable programme of research work 
on coconuts is in hand in the various Divisions of the Department. The 
following may be mentioned : 

(a) The selection and breeding of improved strains of coconuts, 

(b) Manurial and cultivation experiments. 

(c) Pests and diseases of coconuts. 

(d) Catch crops and cover crops in coconut cultivation. 

The preliminary work on the structure of the coconut fruit has been 
started and although only a few months have been spent on the work, 
important subsidiary indications have been obtained. 

Variation in oil content has been studied in (a) for different nuts and 
(b) for different parts of the same nut. 

The results for (a) show that a considerable variation exists in oil 
percentage (D.B. = dry basis) in pieces of meat derived from nuts normally 
picked on Malayan estates as shown by a range from 45% to 75%. The 
copra resulting, from which the individual pieces were picked, will probably 
show the same variation; this indicates that there is considerable room for 
improvement if a more uniform product with a higher average oil content 
can be produced. 

The results for (b) show considerable difference in oil percentages 
in pieces of meat from different parts of the same nut, most particularly 
in nuts not fully ripe. This throws considerable doubt on the utility of 
any nut sampling which has been done in previous experimental work when 
the state of ripeness has not been specified and when the sampling has been 
done*at random. 

Experiments in the selection of the best sampling position have shown 
that it is desirable, to take samples nfear the middle of the nut and not from 
the ends where extreme differences are found. Further, when tangential 
slices are examined, and oil gradient has been d-etermined, with the lowest oil 
percentage on the inside face of the meat gradually increasing in value 
as slices are taken nearer the shell. In these preliminary experiments, the 
difference in oil percentage of a 1/10 inch slice of meat from the inside 
face as against a similar piece nearest the shell seems to show a fairly 
constant difference of 38%-40%,. This applies only for a ripe ungerminated 
nut; the meat from nuts containing a germinating embryo does not show 
this oil gradient. 

The effect of ripeness on oil yield has been studied fairly extensively 
and the results show that there is an increase in oil percentage as the nuts 
germinate and become over-ripe. In the samples examined, an average 
increase in oil percentage was found, from 63% when the nuts were con¬ 
sidered to be ripe, up to 72% when the nuts held a germinating embryo 
3^ inches in diameter. This result confirms the studies made by analysing 
tangential and radial slices of meat. This finding may have some signi¬ 
ficance in the question of the apparent superiority of Malabar and Ceylon 
as compared with Straits copra, if it is correct that, in Malabar, the nuts 
are allowed to fall naturally, while in Ceylon there is a longer ripening 
period and the nuts are kept for a considerable period after plucking. Th^ 
question of whether the total oil in the nut continues to increase after the 
nut is considered to be ripe has still to be determined, but it appears that 
the best plucking age will be a(n important economic factor, if copra should 
ever be valued according to oil content. 
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Further work on copra deterioration has been done and it has been 
shown that badly deteriorated samples of native manufactured copra may 
show the remarkably high average oil content of 67*2^^ which is 2% in 
excess of the average for large good quality samples of Malayan estate 
copra. 

During deterioration it may be accepted that the total oil content is 
diminished owing to the degradation of the actual oil containing meat, 
which will result in a nett loss in weight of copra, by agencies, such as 
moulds, insects and heat. But it is a fact that such copra when analysed 
may show a high oil percentage content with usually a high development of 
free fatty acid. 

The preliminary experiments hai\'^e provided very interesting results 
and confirmatory and extensional experiments are being carried out. 

\ comprehensive scheme of ref^earch work on coconuts has been proposed 
in Ceylon, and a special r(‘scarch station for this crop is being organised 
in that country. Copra research work is also being undertaken at the 
Biological Station, .Slough, attached to the Imperial College of Science and 
Technology, London, Malaya and these stations. Every effort will be made 
to maintain touch with all research stations undertaking coconut research 
work, as lack of such co-operative effort often leads to unnecessary dupli¬ 
cation of effort. 

It is proposed that a half-yearly report on the^ progress of the copra 
research work will be published and so soon as sufficient eixperience has 
been obtained and the work of the Copra Research Chemist has become 
established along sound lines, definite proposals for the erection of/me or 
more experimental driers will be put forward. The results of completed 
pieces of research will be published as bulletins of the Department of Agri¬ 
culture, while summaries thereof will appear from time to time in The 
Malayan A gricaltural Journal. 
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SOME OBSERVATIONS ON THE MILDEW 
LEAF DISEASE OF HEVEA BRASILIENSIS 
DUE TO OIDIUM HEVEA* 

W ITH two exceptions viz. Fusicladium luacrosporium^ and Abnor¬ 
mal Leaf-fall due to Phytophtliora sp. mature rubber trees 
have until comparatively recently been singularly free from 
any serious leaf disease and more especifilly does this apply 
to the luistern tropics. 

The former (Fusicladium nuicrosponum) —a most destructive enem\ 
of the rubber tree—is fortunately still t'onfined to the Amazon Valleys, 
Trinidad, British fiuiana and Surinam, while the latter—Abnormal L(’af- 
fall due to Phytopliilumi—h^s so far not proved serious in Malaya if it 
has appear<‘d at all. 'Fliis leaf disease is howevcM* a sounx' of considerable 
trouble in South India and also perhaps to a lesser extent in Ceyfon and 
Burmah. 

The appearance of the Oidium Mildew dates from 1918 and was first 
noted by Arens in the Malangf district of West Java. As the following 
quotation will show, Arens realised the possible? ('apabilities of this fungus 
and warned the industry to keep a sharp lookout for it. In his ac('ount 
the following occurs : “It is not confined to lh(‘ Malaiag ('ountry, hut is 
present over the whole of Java. The disease is apparently a new one. 
Nowhere in the literature on diseases of Hevea has MikU^w been recorded 
as gr^'wing on Hevea, neither from Java, from Sumatra, the Federated 
Malay States, Ceylon or other rubber-growing countries. But since the 
disease iS easily overlooked if not attacking many trees, it seems not 
impossible that it may already be present in other rubber-growing 
count ries.” 

The truth of the last suggestion has been fullv borne out during the 
last ten years for now the Oidium leaf disease has been reported from 
Sumatra, Ceylon and Malaya. 

In Java and also in Ceylon it has aireadv assumed the character of a 
serious leaf disease requiring active combative measures on a large scale 
and at ('onsiderable cost. Its steady spread and increase in intensity must be 
regarded seriously, even though it has not yet caused any considerable 
damage in some of the rubber-growing areas. The fact should not be lost 
sight of that onoe it appears in a rubber-growing area, it is very liabl * 
to recur under suitable conditions, and that each recurrence usually means 
a more virulent attack as well as an increase in area affected. The 
appearance of the Oidium Mildew on Hevea in Ceylon was first noted 
in 1925, and since then the area and intensity of attack have both steadily 
ineneased. The disease was first noted in Malaya in 1925. and has 
appeared again in 1929, but the fact that so far no great damage has 
resulted in Malaya, should not lull one into a feeling of false security. The 
outbreak of this disease on an extensive scale is alwavs a by no means 
rcniote possibility. The fact that the fungus is in the country and can carry 
<iS from one season to the next favourable time is, to say the least. 
^;^isebncerting. 

* By A. R, Sanderson in The Quarterly Journal of the Bnhher Research Institute 
of Malaya, Vol. 12, No. 1, March 1980. 
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Reydon, in a report dealing- with the Mildew Disease in East Java, 
1927, stales as follows: 

(1) “I'he Mildew disease has become considerably worse during the 
last few years, as conipare<i to previous years/’ 

(2) “Mildew has appeared on nearly all East Java estates.” 

(3) “The attacks of the disease have been severe on 48 per cent, of 
the total Mildew infected estates.” 

(4) “Mildew has appeared on the budding beds or nurserie-; of 17 
per cent, of the estates.” 

(5) “Decrease of production was accounted to Mildew attacks on 
6*4 per cent, of the Mildew estates.” 

(6) “The rainfall on Mildew estJites during the Hast Monsoon was 
less than on healthy estates.” 

'7) “Mildew is considerably worse on low-lying than on high-lying 
estates, and again more severe on the south than on the eastern 
slopes of the fields.” 

vSchweizer writing of the Erysiphaceae from Java, mentions that the 
largest nunib(*r of the said Mildew (Erysiphaceae) liost plants are especially 
virulently attacked in the dry season (the wintering season of the rubber 
tree) and further stales that, on some plants the Oidium is found through 
the whole year. He ('onsiders that the variation of the water supply is 
more especially to be considered and that the better the water supply the 
k;ss the various plants siilTer from Mildew attack. 'Hiis explanation is in 
agreement with the experimental results obtained by Rivera. It is 
highly probable that many faelors are concerned in causing- infection and 
also in determining its int(?nsity and spread, hut although the great varia¬ 
bility of these ('omhinations is generally admitt(*fl, two conditions must be 
satisfied viz., the young leaf formation and wt-alher conditions favourable 
for attack. It is clear tlicn that the time of wintt-ring is all important. 

V^ariability of conibiriation of factors for successful inoculation by 
another species of Oidium is well shown by the investigations of 
Miss Schwarz who found tlie same species of Oidium in West Java on 
PhysdlLs )nini}iui and on tobacco, but infection expi-riments in East Ja^^a 
with Physalis whi('h is infected the whole year through with the Mildew 
gmve no results with lobacc'o. 'I'hc explanation is probably that the 
necessary combination of fac’tors is not present. 

(iadd writing- of the conditions obtaining in Ceylon when the first 

outbreak was noticc<l in 1925, states: “Normally at the time when Hevea 
is putting forth its new' leaf, weather conditions in Ceylon are dry and 

not favourable for fungus growth. In 1925 there was more rain and the 

tuimber of wet days w'as greater than usual during February and March 
in the rubber districts, and it is probable that these wetter conditions 
‘favoured the fungus and helpe<l the process of adaptation to its new host. 
If so, given normal climatic conditions at the time new^ leaves are next 
produced it is unlikely that the trees will be severely attacked as what 
infectious material has persisted on the old leaves wall be shed with them 
in wintering. ” 

Sharpies comments on this as follows: 

“This year~1926—wintering was even and tiormal. Up to date 

(4-4-26) not a single case of leaf-fall has been reported this year. Thus 
paders conclusion can l>e emphasised. (“Consequently given dry climatic 
conditions at the times of production of new leaves, it is not expected that 
the disease will recur to any extent.)” 
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Murray writing: on the occurrence and sigfnihcance of Oidium leaf 
disease in Ceylon remarks on the differing: characteristics of the disease 
in the different districts- A dry district like Matale and a wet one like 
Kalutara are contrasted. Of the former district (Matale) the abundant 
superficial growth of mycelium and spores on the surface is a notable 
feature, whereas in the latter (Kalutara) district it is comparatively rare 
to find an affected leaf on which the fungus is visible to the naked eye. 
In the Matale district the leaves are sometimes so white as to appear to 
have been splashed with white wash. He suggests that this difference 
is probably related to difference in atmospheric conditions and more 
specially the difference in average humidity which is lower in Matale than 
in Kalutara. 

Occurrence ,—In general once the Oidium leaf disease has appeared, 
the spread has been certain and fairly rapid throughout the area where 
the host plant has been well distributed. The seventy of attack has not 
necessarily been coincident with, or proportional to, rate of spread, because 
this depends so much on conditions which may not be continuous 
throughout any particular district. There is at present however a general 
consensus of opinion amongst the various investigators, that dry conditions 
even to drought are favourable to a maximum intensity of attack, if such 
conditions obtain during or immediately after the wintering season, r.e., 
before the new leaves have reached maturity. Murray states the Oidium 
is not so severe in the low-country as in certain districts at higher eleva¬ 
tions, while Reydon writing of conditions in East Java states that Mildew 
is worse on low-lying than on high-lying estates. It would appear then 
that the necessary favourable conditions may occur at different altitudes 
in the different rubber-growing countries. 

In connection with this Rivera states:—“Everything which tends to 
decrease the lurgency of a leaf, e.g., drought, sudden differences of tern- 
peratune etc. makes the leaf more sensitive to Mildew attack. “ 

A diminished cell vitality also increases its susceptibility to attack by the 
Mildew fungus. * 

Effect of Mildew attack on Yield of He^^ea ,—At present no reliable figures 
appear to be available as to the effect of Mildew attack on yield of Hevea, 
but there can be little doubt that repeated defoliations must be harmful. 
The effect on yield of Abnormal Leaf-fall due to Phytophthora has already 
been noted, and that due to Mildew disease can scarcely be expected to be 
less harmful. Asbplant quotes yield figures in the case of Phytophthora 
leaf-fail for Southern India, showing that the sprayed blocks in some cases 
yielded 18 lb. per acre more than unsprayed blocks and in other ca^ses 9 
to 18 lb. more per acre. A second effect on the tree is a general reduction 
in vitality following the depletion of food reserves. This may in some cases 
occur to such a degree that comparatively weak parasites can gain entrj 
which would be impossible with a tree in full vigour. Stoughton Harris 
writing on the spraying of rubber as a means of control for abnormal 
leaf-fail mentions that there is definite evidence that the sprayed trees havt 
a greater girth increment, hold their leaf longer at the norrpal wintering 
period, and give a yield estimated conservatively at 10 lb, per acre greater 
each year than unsprayed rubber, and further remarks, “the control of a 
leaf disease should be looked on not from the point of view of possible 
immediate yield response but as a prevention of the future general debili¬ 
tation caused by the disease. “ 

.r Murray writing of the attacks in Ceylon, states, that “in consequence 
of a continual depletion a physiological die-back of twigs is a characteristic 
feature of badly attacked areas. “ 
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So far as the writer knows this has not been noticed in Malaya perhaps 
because the attacks up to the present have not been sufficiently severe. 

Recurrence ,—The Hevea Mildew is known only in the Oidium stage, 
t.e., the conidial stage. In this it agrees with most tropical Mildews, the 
ascospore stage of which is not known. Spread must therefore be by the 
conidia or by the mycelium or by movement of infected material. This 
cannot always account for recurrence in the same areas year after year, 
and since no ascus stage is known, there is no spore stage known, capable 
of carrying over from one wintering period to another. The inactive 
period in the life history of the fungus has been discussed by Bally and 
Bobilioff. The latter states that the fungus hibernates on the few young 
shoots which are always produced by some trees throughout the year, ot 
on infected spots of mature leaves. In an affected field there are always 
at any given time a few trees whose young shoots are infected and these 
are the sources of infection when the conditions are suitable for an outbreak 
of the disease. 

Murray commenting on this states, “In the main, observation on 
the life history of the fungus in Qeylon confirm Bobilioff’s statement, 
except that in badly affected areas in certain districts the fungus never 
becomes wholly inactive, so that the disease is present at a^l times of the 
year.“ This agrees with Schweizer’s account of the Erysiphaceae of Java. 

It would bo of considerable interest to have particulars of the distri¬ 
bution and amount of rainfall in these districts. 

Although the various investigators are more or less in accord that 
diseases due to powdery mildew Oidium attain their maximum severity 
under dry weather conditions, and that attacks in general whether severe 
or mild, are coincident with dry weather even to drought conditions, this 
is probably not the whole truth. 

Rcydon states that “to conclude hereform that more rain means less 
mildew is in our opinion rash, because we do not know exactly the nature 
of the influence of the rains on mildew attacks, and vve must first find out 
when the young leaf period falls. The mildew atlack is indeed in *the first 
place dependent on this last factor.'’ With the last sentence all investiga¬ 
tors will agree but it would seem that periods of heavy rain may do much 
to check the spread by spores (conidia) since these would be washed off 
and fall to the ground; the fungus being an obligate parasite, and the 
conidia not capable of retaining vitality long under adverse conditions, /,e., 
unless on a suitable living host, thus germinating power is soon lost. 

It would appear however that, in conformity with Reydon’s statement, 
any tree producing new foliage, when the spores are active, will be liable 
CO infection. The period of activity of the spores may to a considerable 
extent be limited by the weather conditions, since spore production is usually 
miK:h more rapid and continuous during dry weather. 

Another factor of importance is that this condition according to Rivera 
is an optimum one for infection so that the condition favouring spore 
formation is also the condition favourable for attack. The rapid spread 
noted on many occasions may thus be accounted for. 

Mites and Mildew ,—Whilst it is true that mites have been found on 
some occasions in association with the Oidium it by no means follows that 
the attack by the fungus must be preceded by mite attack. The Oidium 
fungus IS an obligate parasite and requires only the presence of the host 
plant and the necessary favourable conditions as regards the cell turgidity 
to make a successful attack. One reason for finding the two together 
is the fact that both show their greatest development under the same 
climatic conditions. It is fortunate perhaps that the most effective 
treatment for mildew is also the chief means of combating mite attack. 
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The Causal Fungus.—Oidium Hevea belongs to the “Powdery Mil¬ 
dews’’ (Erysiphaccae) many of which cause destructive disease of plants. 
I'he delicate, hyaline cobweb-like niyceliutn usually develops on the surface 
of leaves forming a more or less complele superlicial covering. In the 
case of Oidium ilevea in Malaya a complete covering is not common. 
This agrees with Murray's observations in the Kalutara district of Ceylon. 
From this mycelium special haustoria or sucking organs are formed which 
penetrate the cell walls and draw their food supplies IVom the cell contents. 
Although these fungi are mainly leaf parasites they may occur on flowers, 
fruits and stems. 

Spores (conidia) arc usually produced in abundance on short erect 
conidiophores, and are chiefly responsible for the powdery appearance which 
is characteristic, I'he spores are distributed by wind, insect or other 
agency, but are usually short lived, so that if conditions are unfavourable 
the spread of the disease is soon chteked. By destruction of the cell 
tissues of the leaves this type of fungus may prepare the way for the 
entry of other and weaker parasites which may quickly complele the destruc¬ 
tion started by the Oidium. It is probably because of this that such 
fungi as (iloeosporiuni and Fusarium are so frequently found associated 
with Oidium attack. 

Synifftonis. —I'he attack of mildew in mature rubber is always most 
pronounced on young leaves, during and immediately after the wintering 
season. The young leaves in the bronze, greeny bronz(‘, and later, pale 
green state, are particularly liable to attack. It may, however, attat'k 
leaves of all ages. 

In the case of young foliage the leaves usually become more or less 
dull in appearance, as contrasted with the shining: appearance of healthy 
leaves, crinkled from the tip and later a portion commencing at the lip 
becomes bluish or purplish black in colour. These (‘bangles apply to the 
leaves* both in the bronze stage and early green stage. I'he leaflets soon 
fall t'* the ground and become shrivelled in appearance. The mycelium 
and spores can be seen best near the midrib on the under sides of the 
leaves. In cases of severe attack the ground may be covered with a 
carpet of decaying^* leaves and the retention of the more or less bare 
leaf stalks on the trees almost denuded of leaflets is a striking^* characteris¬ 
tic. The next flush of leaves may be attacked in the same way and fall 
to the g^roLind long before they mature, it seems fairly obvious that 
several repetitions of such a leaf-fall during any one season may have 
serious consequences. Recurrence in successive years must have a cumu¬ 
lative etTect. I'he attack on mature leaves is usually not nearly so severe 
as on the younger leaves, and frequently the mature leaves remain attached 
to the leaf stalks. The attack on the flowers if at all severe is followecl 
naturally by a poor seed season. This has been very marked in some* 
cases both in Malaya and in Java. 

Control Measures. —Control measures fall naturally under three heads : 

(a) Measures applied to the plant direct to enable it better to 
withstand, to rec'Over from, or to ward off attack, e.g. , 
application of manures, general improvement of soil condi¬ 
tions. 

(b) Breeding of more or less immune strains. 

(c) Direct attack on the parasitic fungus, 

(a) These measures should be used, if used at all, in conjunction with 
(c). Any attempt, e.g., manuring etc. alone, to keep the plant vigorous 
which still leaves the fungus free play can scarcely be considered the most 
efficient. Furtber, unless some form of manuring could be applied which 



would render the plant completely resistant either by increasing" the thick^ 
ness ol the cuticle—the outer covering of the leal -or alTecting the conS' 
titution of the cell would be of doubtful efficacy. The. fact that in am case 
the young leaves are the most susceptible complicates matters considerably, 
i he combination of manuring and spraying, /.e., (a) and (c) has had good 
effects in the case of abnormal leafTall due to E^hytophthora. 

Vollema describes manuring experiments as a possible means of com¬ 
bating mildew attack of Hevea. 

'I hrec aspects are considered : 

1. ‘Mnlluence of manuring on the power of resislanct^ ol the young 
leaf to mildew, 

2. “Influence of manuring and other cu]tivati(3n measure; 0:1 the 

time and existence {duration ?) of wintering. 

3. “Influence of manuring and other cultivation measures on the 

recuperative powers of alfected trees.’^ 

“As regards (1) the conclusion arrived at was that the manures in 
usr applied shortly before' \\ lUering (annol in any important degree inca'case 
the powers of resistance of the ye)img leaf against mildew/’ 

(2) 'fhe conclusion arrived at is : 

“Appropriate manuring and other cultural measurers by their 
delaying influence on wintering make the chancer e^f attack by 
mildew greater.” 

And as regards (3) “llic last y(*ar’s deductie>ns were' e'e)nrirmcd that 
reic'uperation of manured trees is belter.” 

Vollema finally slates, “making up the profit and loss ae'coiint, we 
must (’onc'lude th;<t little is to he expended of an indiree't attack or<» mildew 

by manuring. As apart from e'onedusions with tlie (‘flVe’tive ^and c'heap 

sulphur dusting, manuring as a rule nnu'cly keeps the atiae'ks in hand by 
postponing winterring", Althougli reH'overy is e'ertainly be'tter, prc'venlion 
is he'lter than cure” counts in this case te3 the utme^st.” 

(b) Breeding" of immune or highly resistant strains oilers obvious 
advantages l)ut at present must go hand in hand witli control measures as 
(c), Littlle is known at presemt regarding immunity of Hevea lo disease 
either generally or spcedfically, and the raising of immune strains would 
be a long and tedious process, in any case it would not help present 
plantations. Direct attack on the fungus must at any rate' for the present 
be. regarded as the best line of control and sulphur or sulphur compounds 
are at once indic ated. 

'Fhe use of sulphur in the control of Oidium of the vine dates back to 
1846 and it is estimated that at present, France alone consumes 80,000 
to 100,000 tons of sulphur per annum for the work. The fungus is still 
present and active but the damage is negligible. 

Use of Sulphur ,—It may be said that the value of sulphur in spraying 
mixtures or dusting powders is proportit^nal lo the pc'rc'entage of “free” 
sulphur and to the fineness of the particles. The adherence of the sulphur 
depends largely upon the size of the particle; sulphur with particles 5 microns 
to 15 microns can mw be obtained. A considerable amount of experimental, 
work with the use of sulphur and sulphur mixtures and compounds against 
the Oidium fungus has already been carried out ('hiefly in Java, in those 
districts where the disease has appeared annually with increasing virulence. 
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Gandrup and S’ Jacob d-escribe the results of the experiments in the 
control of Mildew using Bordeaux mixture, Burgundy mixture, Sulfinette— 
a lime sulphur preparation—and sulphur. They demonstrated experimen¬ 
tally the effectiveness of Sulfinette and of sulphur in a vaporous form, i.e,, 
without the fungicide actually coming into contact with either the fungus or 
the infected material. 

They also discovered that the resin-soda adhesive medium often causes 
fungicides of standard strength to burn the young leaves and suggest that 
Sulfinette must be used at 0 25 per cent mixture to prevent burning. The 
final conclusion of these investigators is that the expenditure necessitated 
for control work would only be justified by the loss of production being 
proportionately large, or if capital loss caused by depreciation of the estate 
through Mildew permits such expense. 

Bobilioff carried out observations on Oidium attack during 1929, and 
concludes as follows : 

“Sulphur and sulphur preparations have a fungicidal effect on Oidium, 
When experimenting with different preparations it is not possible to 
differentiate conclusively between the effectiveness of these preparations. 
However when dusting- gardens it appears that the sulphur from the sulphur 
works Kawah Poetih gives promising results in comparison with other prepa¬ 
rations. On the fungicidal action of sulphur several experiments were 
carried out, with the following results.’' 

(a) “The sulphur is effective ten days after dusting.” 

(b) “Sulphur destroys Oidium when applied to the leaf even when 
there is no immediate contact with the leaf spot. Dusting one 
side of the leaf is sufficient to destroy the fungus situated 
on the other side.” 

(c) “An influence of sulphur at a distance w^as not observed, but this 
^point still wants confirmation.” 

(d) “A prolonged residual effect of sulphur does not exist. When 
dusted trees after a certain timfe produce new leaves, these are 
attacked by Oidium.” 

(e) “The effectiveness of sulphur on Oidium spots is not absolute. 
From the boundary of the destroyed fungus spots the fungus may 
develop again. On once treated leaf new Oidium spots may 
occur. The effect of sulphur is however not imperfect to such an 
extent that this is of practical influence on the Oidium control 
by dusting with sulphur,” 

“When combating Oidium in rubber gardens we made the following 
observations. ” 

(a) “The Oidium attack is checked by sulphur. The treated gardens 
have practically speaking a normal appearance and have nice 
foliage.” 

(b) “An extraordinary blossoming was observed in the treated gardens 
more than 90 per cent, of the trees were in bloom.” 

(c) “Oidium first decreased between ten applications of sulphur (after 
10 days) to increase again later on (after 17 days).” 

(d) “The influence of rain on the effectiveness of sulphur is of little 
importance and Oidium decreased in the ordinary manner.” 

(e) “The chance of infection of treated gardens by neighbouring non- 
treated plots is relatively small. Thus it is possible to dust badly 
attacked parts without it being necessary to dust the whole 
plantation or division.” 
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CONTROL 

For control purposes some form of spraying or dusting is a necessity. 
The material to be used is as previously indicated sulphur or sulphur com¬ 
pounds or preparations which will act like sulphur and become effective in a 
vaporous form. There are advocates of both spraying and of dusting and 
each method may have its advantages or disadvantages. 

Spraying* —For this purpose the choice has to be made of a hand¬ 
spraying outfit or of some form of power sprayer. In either case to be 
really effective the apparatus must be capable of delivering a spray to a 
height of 50-70 feet, i.e., if the tops of mature trees are to be reached 
without climbing. 

Ashplant discussing the spraying of rubber in connection with the 
Phytophthora Leaf-fall in South India and comparing power and hand 
sprayers states as follows : 

“The maximum height that can be reached with a fine spray operated 
from the ground is from 30 to 40 feet and is not much greater with a 
power than with a hand sprayer. With both, climbing has to be resorted 
to in order to reach the tops of the trees. It is this necessity for climbing 
that limits the possible task and takes so much time and labour. Could 
means be devised whereby the lops of 70 to 100 feet Hevea trees could be 
reached by a ground operated spray, or rather by a battery of sprays the 
full resources of power driven sprays would be capable of utilization. The 
greater speed and labour saving then made possible would alter the position 
entirely to the advantage of power sprayers. “ 

It some form of petrol motor is employed one at least of the attendants 
would need to possess the necessary skill and training to manage the 
apparatus. 

Sundquist discusses the use and advantages of stationary plants with 
spray guns for the spraying of orchards. Amongst the advantagufs are 
saving of time and labour, more efficient work and avoidance of damage 
to trees by hauling. This system—a permanent one—is now establishe^d 
in the apple-growing districts of the Pacific North-West, 

Tengwall describes experiments with sulphur dusting from aeroplanes 
and states as follows : 

“Technically the dusting was a complete success; on each leaf sulphur 
could be recognised even on the trees at the utmost limit of the estate. 
On the old leaves sulphur occurred principally on the top side; on the 
young leaves, still hanging, sulphur was observed on both sides. “ 

“An evident smell of sulphur remained in the gardens many days after 
dustuig was finished.” 

“On September 12th it was observed that all the young leaves which 
had grown out during or after the first dusting (in August) were perfectly 
healthy. Even young leaves, on the trees which had been badly infected 
and lost most of their foliage, were healthy.” 

As a result of the 1928 experim'ents Tengwall observes that th(‘ 
fallowing conclusions can be drawn: 

1. “Dusting sulphur powder from an aeroplane on Hevea plantations 
is possible.” 

2. “Sulphur powder is able to kill Oidium or at least its conidia.” 

3. “A dose of 50 kg. of sulphur per hectare ... 45 Ib. per acre . . 
IS sufficient to keep the young leaves healthy for at least 14 days.” 
“The dusting experiments were reported in 1929 on a larger 
scale in order to get figures concerning the cost of dusting by means 



of aeroplanes. This was found to be approximately 6 florins per 
hectare equivalent to about T7 dollars per acre^ an amount which 
could probably be appreciably reduced**' 

Altogether the operation of powxr spraying on a large scale, ur.der 
present conditions must ol necessity be expensive and llU' pros and cons 
for its installation require careful consideration. The urgent necessity, 
should it arise, would however, be the deciding factor. 

1 he following account of spraying apparatus and equipment is taken 
from the R. G. A. Bulletin Vol. 8, No. 7, 1926, and is a report by R. H. 
Stoughton-Harris, Mycologist, Rubber Research Scheme, Ceylon. 

“In Ceylon and S. India the apparatus is used for control of abnormal 
leaf-fail due to Phytophthora. There are at present in use in South India 
several makes of spraying ina('hines, but of these two have proved most 
successful and one in particular. Attention will be confined to this one only 
as it.is understood that some 50 or more ol these oulHts liave already been 
sent to estates in Ceylon. I'he machine referred lo is the D. S, P. “Head¬ 
land” Ihimp. ” 

“This is a doublobarrclled fo?*ce pump, with a large inlet hose with 
strainer, and steel pressure-chamber, and two ^-in. outlets with stop-cocks. 
The ir.achinc is sent out unmounted, but should be fixed to a small wooden 
platform, with four projecting handles for carrying. Spares for the pump 
are .supplied but may usefully he augnamted. A list of the more usid'ul 
spares niay be obtained from the Research Scheme. Two lengths of hose 
are required, each 75-120 feet long. If more than this length is used, 
undue wear and many bursts and other troubles are probable. 'rh(‘ only 
hose that has so far proved capable of standing up to the rough usage is 
the “Armada’* Hose. To the end of each length of hose is attached either 
a bamboo “lance” (a long bamboo wnlh a screwed metal pipe witliin it), 
or a light 15 feet steel pipe. To the end of this is attached the nozzle. 
Many types of nozzle have been tried, but the most successful are tht* 
“Mistifiei^ Junior,” and the “jumbo”' nozzle. A new type of combined 
lance and adjustable nozzle has been pul on the market at the instigation 
of Mr. Ashplant. 'J'his is called the Drake & Fletcher “Armada” Spray 
(inn, and seems likely to prove very .succ'essfiil. W ith this instnimeni the 
type of spray procUu'cd is varied hv turning the stoo-coek at the handle 
tmd.** 

“Besides the actual spraying apparatus there w^ill be inquired for eacli 
machine : 

Four 40-50 gallon wooden barrels. 

Two half barrels. 

Two wooden buckets. 

I'wo galvanised iron buckets. 

Two fine mesh latex strainers. 

'fwo old coagulating dishes. 

Six empty kerosene tins for carrying water. 

One spring balance, weighing to about 30 lb. or 

One household scales.” 

labour .—“The number of cool’es required for each mac'.hine will vary 
according to the distance of the point of operation from a water supply. 
'I'he labour is be.st apportioned as follows: 

Two coolies working the pump. 

One (‘ooly stirring Bordeaux mixture and relieving pumpers in 
rotation. 
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Four coolies spraying, two on each line. 

Two to six coolies carrying water, and mixing tl)e Hordeaux.” 

Dustings —The operatitm (rf dusting, /.c., toe use of a fungicide or 
insecticide in the form of a very finely divided dry powder possesses certain 
advantages as compared with spraying, and more especially in the case 
of tall trees like mature rubber trees. 

The operation is in no way dependent on the proximity of a water 
supply. The material used is easily transported. A fine dust may lemain 
suspended in th(‘ air for an appreciable time and this is a i important factor 
in distribution. 

With (’crfain materials the operators have to exercise tht* greatest ('arc 
if eye, no.se and lung troubles an* to be avoi(h‘d, but precautions involving 
the use of masks et('., c an be taken. 

In the case of mixed plantation, c.g-, rubber and tea, the deposition 
of sulphur on the tea leav'es might reasonably be objected to as possibly 
leaving an objectiona))le taint. Recent experinu'nts desi'ribcd in the Mvt'o- 
l(')gist’s Report for January, 1930, Rubber Research Scheme, Ceylon, 
suggest that even the maximum amount of sulphur per a('re w’hich may be 
expected to fall on tea adjacent to dusted rubber will fiot taint the te.a. 

\ further experiment showed that althoug*h there was a rec'ognisabU* 
smell of sulphur on the green leaf and during manufacture the finished lea 
showed no taint. 

Dusting w ith sulphur by use of a power duster re(|uir(‘s considtaa ble 
car(‘. W^itli some types of apparatus there is alw’ays the possd)ility of 
the finely divid(‘d sulphur Ixa'oming ignited and the dangta- with a petrol 
engine is obvious. It was at first consideiaal t'ssential that in ordta* to b(* 
elfertive the leaves should be more or less ('overed with the spra\- fluid or 
dusting powder, and that the fungicide must remain attac'hed for a consi¬ 
derable time. Rec'ent work should appear to show that this is ^nol so 
nec'essary since in the cas(‘ of both Siilfinette and of sulphur the vapours 
have proved succ'essful. A new' form of powa*r duster nanu?d the Bj(.)rk]und 
Duster has r(‘C('nlly been tested against the Oidinm leaf disease in Java. 

'fhe apparatus (onsists of a speiial type of fi H.R, motor combined 
with a specially designed “dusting” apparatus to form a singl(‘ unit. Tluf 
complete duster weighs about 180 lb. ready for us(' and ('an be carried by 
four cooli(^s. An aiitomatii' feeding devii'e allows the cjuanlity of sulphur 
used to 1)0 regulated. A capaeity of about 280 acr(*s per day is claimed 
for this apparatus. 

For applii'ation to nursery plants or young plants in the field whic'h 
do not exceed say 8 to 10 f(‘el in height some form of hand spra\er or 
duster wmuld probal)!}’ fulfil all requirements. It. would appear that the 
time is approaching wdien each large estate or group of estates will have 
to consider the c|uestion of installing efficient spraying and dusting (‘cpiip- 
ment with the necessary ('hemicals as part of the ordinary (‘state requirement 
so as to be prepared for emergencies. In doing this the rubb(‘r indu-try 
w^ould only be follow-ing the example of other large crop industries. 

SUMMARY 

1. It has now^ been definitely e.stablished that Oidium leaf disease is 
present throughout the rubber-growing areas of the Eastern tropics excep¬ 
ting South India and Burmah. 

2. There i.s a general tendency, in all the areas affected for the 
disease to increase in intensity in successive years. 
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3* I'he fungus can continue in an inactive state from one favourable 
season to another. 

4. The repeated defoliations in a single season which is a marked 
characteristic of Oidium attack must have an appreciable adverse effect on 
latex yield, as well as affecting the general vigour of the tree. 

5. Original infection and rapid spread of the disease favoured by dry 
weather conditions during the wintering season. 

6. Control can be established by the use of sulphur or sulphur com¬ 
pounds sprayed or dusted over affected areas. 

7. Repeated sprayings or dusting are necessary at somewhat short 
intervals during the wintering season. 

8. 'fhe use of power sprayers or dusters or possibly the use of 
aeroplanes is indicated for the more or less immediate future. 

9. The Oidium has been found to be capable of attacking rubber of 
all ages from nunsory plants upwards. 

10. The spread of the fungus is by spores (conidia) probably wind 
borne. 

11. The conidia are produced most abundantly during dry weather, 
f.e., under weather conditions such as are experienced during a normal 
wintering season, and when the leaves are presumably most susceptible to 
attack. 
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REJUVENATION AND REPLANTING OF 
RUBBER AREAS’^ 

T he terms ‘'rejuvenation** and “replanting** arc both frequently 
used to indicate the problem of replacement of old low-yielding 
rubber trees with material of superior yielding qualities. The 
word “rejuvenation** is more strictly applicable to the improve¬ 
ment of existing areas in which a certain amount of supplying 
in addition to treatment of soil is to be carried out. The term “replanting** 
should be applied if all trees are to be completely removed and the area is 
to be replanted with new seedling or buddings. 

In view of the high-yielding material now available in the form ol 
budded rubber trees, the problem of replanting of old areas of rubber is 
being seriously considered by companies who have no available jungle 
reserves. 

The important factors in this problem are three : 

(1) The probability of yields from “proved clones’* amounting to 
1,000 to 1,500 lb. per acre. 

(2) Poor yields from old areas due to soil erosion, soil impoverish¬ 
ment from previous crops, or to bad tapping causing poor bark 
renewal. 

(3) The incidence of root disease in old rubber, which is considered 

by most plant pathologists to be the limiting factor in tlic life of 

a considerable proportion of the oldest rubber. 

It is not proposed in this article to consjd(‘.r the problem of supplying, 
since in <>Id rubber the supplying of small patches on which the old trees 

have been removed on account of disease or for other reasons cannot be 

considered satisfactory on account of the shade and root competition of the 
surrounding old trees. 

There appears little <iouht that the most satisfactory method is the 
complete removal of the old trees, so that a block can be entirely replanted 
with the hig^h-yielding material available. 

TREATMENT OF OLD TREES 

A programme must be carefully laid down, so that all the possible 
latex can be obtained from the trees, on the areas to be planted, before 
these trees are removed. 

No hard-and-fast rules can be laid down, since the tapping system, 
in respect of the number of cuts and height of tapping will depend on the 
bark available and on the period which will elapse before it is decided to 
remove the trees. 

Methods such as the scraping of the bark to induce a greater flow of 
latex* over a short period will be found useful. In some cases, by intensive 
tapping, it is possible to obtain the previous annual crop within a period 
of three or four months. 

* By B. J. Eaton, Acting Director, Rubber Research Institute of Malaya, in The 
Malayan Agricultural Journal, Vol. XVIII, No. 3, March, 1930 
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REMOVAL OP OLD TREES 

1 he cost of removal of the old trees will depend on a number ol 
factors : (1) the she of the tree, (2) the method of removal, by hand labour 
or mechanical stumpers, (3) the possibility of sale ol the wocxl irom the old 
trees, (4) the conversion of the old wood into charcoal for sale. 

These factors will depend entirely on local circumstances. On an 
area of 200 acres in Malacva, visited by the writer a few years ago, the 
felling*, clearing and planting of the new material ('ost practically nothing, 
since the manager was able to arrange a contract for the conversion of 
all the old wood into charcoal. 

On the site on which the charcoal pits were constructed, the subse¬ 
quent growth of the rubb(*i* was exc'ellenl and stated to be in advance of 
the general growth of the trees on the rest of the area. An addition of 
superphosphates was found to be of benefit. 

1'he chief disadvantage of the r'cmoval of :dl the woc^d is that valuable 
fertilising material, especially potash, is removed from the area. In any 
case, if the wood is burnt on the spot, it should he stacked and burnt in 
big heaps, preferably if possible, on paths, roads or land not suitable for 
replanting since the burnijc^ of the wood ('auscs soil st(a*ilisation and furlhcr 
destruction of valuable liunius, 'f'he ash, however, which contains valuable 
potash, should he distributc'd <n’er the land. 

CULTIVATION 

On areas on which the trees have beeti removed on acccnint of j'oot 
dist^ase, the complete removal of all laterals and stumos is very desirable, 
while the soil should be cultivated to a depth of 1 to 1-^ feet. On areas which 
have sufl'ered from soil erosion or soil impoverishment, it is extremely doubt¬ 
ful whether immediate replanting with high-yielding material is advisable. 
In suchrcases, a leguminous (over crop should be established by the addition, 
rf necessary, of artificial fertilisers—-espec'iallv potash and phosphates. There 
is little doubt that one of the most suitable plants hv* this purpose is the 
Giant-Mimosa (Mimosa invisa). Although ther(' is considerabk* prejudice 
against this plant in Nfalaya, the writer has seen excellent nqiivenation 
and regeneration of poor soils with this cover plant b(Uh in Java and 
Sumatra. In order, however, to keep the t'over in cheek, periodic rolling 
is advisable to flatten the growth. In Sumatra, the coofu^s are provided 
with boots and carry out this operation successfully with an old oil drum. 
7'his applies, of course, only to flat or very gently undulating land. 

It is also eertain that, in most old areas in Malaya, a manuring 
programme from the commencement is desirable*, and on this point the 
advice of the Rubber Research Iiistitiile should he sought. 

Previous to planting, unless there is a special reason for hastening 
this, the area according to its ('onfiguration should he bunded or terraced. 

On even absolutely flat land, when the soil is of loose texture (this 
does not apply to the heavy coastal alluvial (lav soils) bunding should be 
adopted in order to conserve rainfall and to prevent soil movement. In 
Sumatara, at the present time, the most intensive bunding is being adopted 
on most rubber estates. The material from the bunds is derived from the 
digging of pits. These pits are similar to the ordinary silt-pits, but are 
dug only to provide soil for the bunds. 

Where it can be established, it would appear that the most satisfactory 
“permanent*' cover crop at present is Centrosema ptthescpiis. This should 
be established as early as possible on the bunds in order to protect them 
from erosion, ! 
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The problem of cover crops versus clean weeding- on areas to which 
fertilisers are applied is still a debatable point owing to the competition 
for the fertilisers of the cover crop with the rubber plant. In the long 
run, however, any fertiliser applied in the presence of a cover will become 
available for the rubber tree. 

In any case, the permanent cover crop should be planted in strips 
between the rows. Small quantities of fertiliser can then be used in the 
planting holes by thoroughly mixing the fertiliser with the soil used for 
filling the holes, so that the young rubber plant will receive an early 
stimulus. If applied in this manner, the rubber plant will be able to absorb 
the fertiliser. 

The establishment of a cover crop is of great importance in providing 
additional humus and also in maintaining the soil at a lowxn* temperature. 

On areas on which root disease has been prevalent, it is also advisable 
to dig in 1^-2 tons of lime per acre when the cultivation of the soil is 
carried out. 

PLANTING MATERIAL AND SPACING 

At this date, the only suitable material for replanting areas which have 
suflfered from soil impoverishment, due to erosion or other causes, and to 
root disease, is buddings of “proved” clones. A few' years ago the close 
planting of seedlings of stumps from ordinary seed or from seed from a 
high-yielding area, with subsequent thinning out, based on early test 
tappings, would have been recommended. Even more recently, the planting 
of alternate budding and plants from so-called “selected” seed would have 
been advised. 

At the present stage of our knowledge, however, mixe<l buddings only 
are recommended, using material from the best “proved” clones that is, 
budwood obtained from clones which have the highest yield records over 
the lowest tapping perio<l, provided that no undesirable characters* have 
developed in such clones. 

Possibly at a later stage, pure plantings of buddings of one clone on 
definite areas may be recommended for replanting programmes. 

At the present time there are about six clones available which have a 
fairly long tapping record and wdiich have not developed any undesirable 
characteristics. Other promising clones with a shorter lapping record 
are available. On account of our knowledge of the yielding capacity, 
grow^th and bark rencw'al of buddings, it is not recommended at this date 
to replant with “selected” seed so that a much smaller number of buddings 
per acre can be planted than in the case of “selected” seed, since the 
subsequent thinning out of the replanted area w'ill be on a low scale. 

It is not advised to mix too many clones—a selection of six of 
the best clones recommended is advised as a maximum. A spacing of 20 
feet by 20 feet is suitable. 

COST OF REPLANTING 

No definite figures can be given to cover all cases, owing to the number 
of factors involved. It should, however, be possible on most areas to 
replant at a cost of £25/- per acre and to bring the area into bearing for 
£35/- to £40/- per acre. It is not a difficult problem therefore to estimate 
the period during which the loss of yields from the old area will be 
covered by the yield from the new' planting. The rate at which replanting 
is carried out wiH depend on the material available for replanting, t.e., 
the establishment of nurseries for stock and the establishment of multipli¬ 
cation nurseries for the supply of budwood. It would be uneconomic to 
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purchase budwcx)d at high prices for planting the areas. It is preferable 
to establish multiplication nurseries for the supply of such budwood. On 
this account, a scheme should be worked out in detail before being put 
into operation so that the necessary amount of budwood is available for 
the area to be replanted in any year. Advice and information on this can 
be obtained from the Rubber Research Institute. 

GENERAL 

At the present lime, large areas both in Malaya and in the Netherlands 
East Indies are being planted with buddings which are expected to yield 
in the eighth to tenth year at the rate of about IjOOO lb. per acre. It will 
be impossible for many of the old areas at present in existence to compete 
with such yields. The old areas will also progressively decrease in pro¬ 
duction, due to disease and other factors while the new areas, planted 
under modern conditions with high-yielding material will progressively 
increase in production. On all estates, therefore, on which the trees are 
definitely known to be a wasting asset, the problem of replanting must be 
considered. Even where a company has reserve jungle on which to plant 
high-yielding material, it is advisable to adopt a progressive replanting 
scheme, since with proper treatment the replanted areas will soon more 
than repay for the treatment adopted. Only on a few areas, on which 
the surface soil has practically disappeared due to erosion, is a replanting 
scheme not advised. The only possible treatment for such areas is a 
rejuvenation or reconditioning of the soil by the planting of a cover crop 
such as Mimosa invisa. It is not possible to state definitely how^ long 
it will be necessary to allow^ such areas to remain under a cover crop before 
they will be of value for replanting. 

We are only concerned here, howxver, with the replanting of areas 
which are becoming uneconomic on account of the following factors : 

Early methods of planting without selection of planting material. 

2. ^Late thinning out. 

3. Bad methods of tapping and poor bark renewal. 

4. R<x)t diseases due to lack of suitable treatment in the early stages 
of growth of the plant. 

The planting of high-yielding material combined with modern methods 
of soil conservation, the cultivation of a suitable cover crop and a system 
of manuring, renders the replanting of such areas an economic and com¬ 
mercially practicable proposition. 
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TAPPING RESULTS AND OTHER 
OBSERVATIONS ON SEEDLING CROSSES 
OF HEVEA IN SUMATRA" 

A long and interesting paper by Dr. C. Heusser in the September 
number of the Af'chief voor de RubbercuUnuY contains the 
results ol: three years* tapping of a large group of seedling 
crosses with observations on the inheritance of a number of 
secondary charai ters, and also throws light on a number of 
points on tin* development of seedlings in general. 

In the following summary it is possible to quote parti(Uilars only of 
the crosses that best illustrate the main points. Details of the remainder 
must be sought in tht‘ original by those who have a special interest in 
any individual clone or cross. 

I'lie crosses were madt‘ in 1920 and the seeds planted in nurseries. 
From October 1921 to January 1922 the seedlings, roughly one year old, 
were planted out as stumps at Soengei Pantjoer after most have been 
marcotted. In addition a few seedlings of 1919 (rosses were* transplanted, 
making a total of Ib91 stumps belonging to 80 dilfeient (Combinations of 
17 mother trees (which gave from 30 to 80 gms. per tapping in 1919 at 
about 12 years old). 

Owing to root disease and partly on account of unsuccessful plants 
15 per cent, were lost in the first year. At the end of the second tapping 
year 1450 plants were left and 1393 or 96 per cent, of these were in 
tapping. 

'Fhe plantation when taken over was overgrown with lalang and is 
reported to have growai tobacco 20 years before. 

After cleaning, Mimosa invisa was planted between the rows and later 
the atea was silt-pilted and Vi^ua and (k'ntrosema pnbcscims planted and 
ting-w^ceding was carried out. 

The crosses W'Cre planted in blocks at a distance of 7 metres (23 feet) 
square to allow’ the trees to develop freely. 

Tapping: was started in November 1925, bnir years after planting out the 
stumps, on trees with a girth of 40 cm. at one metre. Others wj^ere added 
later as they reached this size and so the comparison of merely the best 
trees of the family w^as avoided. The first tapping panel was opened 
with a 30^ left-handed cut over half the circumference, at 50 cm. (20 inches), 
and at the beginning of the second year all trees were chang^cd to a J cut 
at 75 cm. The trees were tapped in alternate months . . . some rows ot 
trees in the cxld months, and the others in the even. With no vSunday 
tapping there were 150-155 tapping days a year. Baric ('onsumption w«as 
limited to If inches per tapping period and amounted to about 10 inches 
per year. 

The latex was coagulated in the cups and the biscuits for the month 
creped, dried, and w^eighed, and the average yield per tapping calculated. 

As the yield recording gave additional w'ork the tapping task w^as set 
at 150-200 trees and the tappers were moved from task to task in regular 
succession each day. 

* Bv L. E. M. in The Quarterly Journal of the Rubber Research Institute of Malaya, 
Vol. 2, *No. 1, March 1930. 
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n. TAPPING RESULTS 

The following* table (extracted from Heusser’s Table II) summarises 
the vields of all the crosses, and gives a rough comparison with' normal 
estate yields for Sumatra. 


Table I 




Crosses 

Normal Estate Seedhnes 

Tapping Years 

- -. 

.. - 

— 





1st 

2nd 

3rd 

1st 

2nd 

3rd 

Yield per acre | 

119 

371 

433 

112 

224 

313 

No. of trees tapped 







per acre 

58 

61 

65 

69 

81 

93 

Yield per tapping gms. 

78 

18'6 

202 


78 

9'5 


The yields of 28 unselecled stumps in the experimental garden were 
less than one-half those of the crosses, 

'Fhus even allowing for greater care and the wider planting distance 
^‘the higher yield per hectare is so great that the beneficial influence of 
selection cannot be disregarded/^ (It must be remembered however that 
both parets were selected.—L.E.M.) 

The decrease in the monthly yields due to wintering was less pro¬ 
nounced in the first tw’O years than in the third year. 

The reduction in yield due to changing to the new tapping panel is 
estimated at 37 per cent. 

Held of the Various Families, —^Th’ere art big differences between the 
yields of the various families. 

One striking result is that all the families wdth tree \S1 as one parent, 
cither •male or female, are amongst the best: they averaged 28'5 grammes 
per tapping in the third year. The 145 families arc the poorest with a mean 
yield in the third year of 15*9 grammes. 

From a mathematical comparison of yi(*ld bt'tw^een groups of families 
with a common parent the mother tre(*s can he arranged in order of value. 
Of those on Bandar Klippar 157 is the best; 161, 164, 151 and 165 are 
almost equal; 166 and 142 are not so good. The best Tjinta Radja tree 
138; 38, 146, and possibly 49 are almost equally good; and 149, 139 and 
146 are bad. 

Marked differences are shown between the annual percentage increases 
of yield. For example the yield of 166x 164 increased by 200 per cent, 
from the 1st to the 2nd tapping year and then by 49 per cent, from the 
2nd to the 3rd, 138 x 146 showed an increase of 154 per cent, and a decrease 
of 4 per cent, respectively, and 157x151 increased by 118 per cent, and 
then by 10 per cent. These difl'erences probably are due to a different 
development of yielding power with age, and also to variation in the 
dependence of yield on the height of the tapping cut. Heusser concludes 
that “for selection purposes therefore the first tapping year cannot give 
a true aspect of the quality of the families, and true conclusions must be 
based upon several years^ observations.” 

As the object of artificial pollination is eventually to get pure strains, 
the study of variation is important. With Hevea yielding ability probably 
is determined by a number of hereditary factors and therefore low variation 
can be taken as an indication of the purity of the family. 

The deeree of variation varies from family to family, for example the 
coefficient of variation (f.e., the standard deviatkn expressed as a percen¬ 
tage ot the mean) for the three years* average yield is 84*5 per cent, for 
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family 145 x 138 and only 19 0 per cent, for 138 x 139. All the 157 families 
are noteworthy of the symmetrical distribution of the individual tree yields 
about the mean. 

It is not possible to make a strict comparison between the relative 
yields of mother trees and their clones and seedlings families but it does 
appear that the best clones and seedling- families do not necessarily come 
from the same mother trees, owing to the action of environment on the 
expression ol hereditary characters. Dominant characters and environment 
determine the yield ol the mother tree and its buddings, but the recessive 
(latent or dormant) characters ('an appear in the hybrid seedlings and give 
very diflerent results. A mother tree may give bad buddings and good 
seedlings or vice versa, and both may be gc>od or bad. 

The monthly tapping figures of the 70 (5 per cent.) best individual 
seedlings given in Heiisser\s Table 8 show^ that considerable changes took 
place in the relative performance in the three tapping years. In illustra¬ 
tion of this the yields of the seedlings that gavc^ the highest yields in the 
first, second and third years arc set out in Talfic II below-: 


Table II 


Best Tree 

No. 

Cross 


1st yr. 

2ncl yr. 

3rd yr. 

Mean 

in 








1st year 

274 

49 X 26 

Yield gins. 

24 5 

48.8 

34,4 

35.9 


1 

1 

Order 

1 

8 

145 

22 

1 

2iid year 

275 

142 X 157 

Yield gms. 

19.5 

58.4 

43 

40.3 




Order 

9 

1 

59 

8 

3rd year 

317 

165X 161 

Yield gms. 

11.7 

50.4 

91.9 

51.3 

(&all 3) 



Order 


7 

1 

1 


* below best 10 per cent. 


'1 hus for individuals as for families, changes occur from year to year 
and the saying “g^tx^d trees remain good” cannot be used in selection work, 
although it applies for practical thinning out. 

in. SECONDARY CHARACTERS 

Although the production of rubber is the principal consideration in 
judging the trees, the secondary characters such as grow^th vigour, bark 
thickness, etc., cannot be ignorecl. It has been shown that these are largely 
hereditary but it is necessary to w’-ait for at least a second generation to 
understand the method of transmission, which characters are dominant and 
so on. 

Girth ,—Measurements of girth give a good comparison of growth 
development of the trees. It appears generally speaking that the more 
strongly growing families were obtained from the better developed mother 
trees. The crosses 49 x 26 and 138 x 49 show the thickest trees, and most 
of the offspring of 164, 166 and 140 are of small girth. 

Within the families the correlation betweem girth and yield is very 
slight, and even in the uniform family 157 x 164 the coefficient is only 0.305 
J;:0*014. Even so a well-grown tree is to be regarded as more desVable than 
A feeble or thin one. 
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Bark Thickness ,—Bark thickness appears to be hereditary, and the 
trees with the thickest bark belong principally to the families of 161 and 
49, the bark measurements of which were above tlie average for the mother 
trees. 

There appears to be a fair correlation between bark thickness and 
yield but it has not been evaluated so far. 

Broum Bast ,—At the end of the 2nd and 3rd years 4 per cent, of the 
trees were found to be suffering from brown bast, which is the same pro¬ 
portion as found in actual practice with the same tapping system. Only 6 
trees were taken out of lapping owing to heavy attacks. 

With one exception the highest-yielding families suffered most severely 
from brown bast. The families with 164 and 161 as one parent were all 
badly diseased and, in 164x161, 21 per cent, of the trees were attacked. 
Jn this family considerable wood formation 'took place in the affected 
bark. 

Other families of 36, 138, 146 also showed the disorder but it cannot 
be said which parent has the greater tendency. As brown bast did not 
appear in trees 161, 164 and 36 until 1921 and 1922, that is after pollination 
was carried out, it can be stated that susceptibility to brown bast is here¬ 
ditary. Thus though there is a danger of cultivating seedlii'igs or clones 
with this character there is also the possibility of eliminating it by careful 
breeding. 

Tree Shape and 'rendency towards Breaking ,—In order to permit #frec 
development of their characteristic branching the ('l osses were widely spaced. 
Usually the seedlings of a family display striking uniformity of habit, and 
sometimes the peculiar characters of the parents are recognisable in their 
offspring. For example, the offspring of 49 in their second year form 
small crowns with right-angded branches, which later often become as 
strong or stronger than the main stem and this frecjuently ceases to grow. 
Thus the trees develop the typu:al bowl-shaped crown and irregular branch¬ 
ing {'haracterislic of the mother tree and {'lone 49. 

The iseedlings of 36 are more Harble to wind damage than the others 
owing to the acute-angled branching, the heavy crown and brittle wood. 
The ii:flucnce of the strength of the wood apart from tlie branching habit 
is shown in the family 145 x36 by some seedling's that are subject to wind 
damage in spite of the ideal lamp post branching they have inherited 
from 145. 

Bark Renewal .—Bark renewal is very satisfactory for all the crosses 
and particularly so with the well-developed trees. 

Leaf-fall and Flowering, —llie. families show a striking coincidence 
in the time of wintering and flowering, and they can be arranged in the 
following groups : 

1 Karly wintering : 157, 

2. Average early wintering: 164, 165, 166, 36, 140, 141. 

3. Late wintering: 151, 142, 138, 139, 26, 145, 161. 

4. Flowering, but no complete wintering so far ; 49. 

Fertility, —Strong evidence that fertility, subject to external influences, 
is hereditary is given by the crosses between 164, a prolific seed bearer, 
and 161, which so far has produced very little seed. Except for the cross 
164x161 all the other seedlings of 164 are good seed producers. As the 
number of seeds per tree is comparatively small in Hevea, the fertility 
character is important in breeding work. 

Seed and Leaf Shape, —^I'he leaves and seed of the seedlings are often 
strikingly similar to those of their parents, some resemble more closely the 
father and some the mother. 

The seed of some of the trees of 138x49 are very difficult to distin¬ 
guish from those of 49. The seeds of 49 x 26 mainly possess the colour and 
markirgs of 49 with the large round shape of 26. 
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The leaves of most of th!e seedlings of the family 164 x 161 have the 
round broad tip of 161, whilst among the olfspring of 151 its long pointed 
shape predominates. 

No relat onship could be found between yield and the quantity of 
leaves and seeds. 

Backward Trees .—At the end of 1927, 20 per ceat. of the trees of the 
family 138 x 146 were backward. The leaves are yellowish green, wintering 
was premature and the stems mainly are crooked. As the trees are spread 
through the whole block this cannot be attributed to their situation, and can 
be regarded as a character inherited from 138. The crosses of 145 were 
also backward to a smaller extent. 

Formation of Cork .—The formation of an abnormally thick layer of 
cork must also be regarded as an hereditary character, it is particularly 
common in the progeny of 145, 138 and 164. In the family of 145x 138, 
82 per cent, of the trees have coarse bark and both the mother trees and 
their buddings also display this character. Other families from these parents 
show from 26 to 43 per cent, of cork bark trees, which appear only spora¬ 
dically in the remaining crosses. 

Yellow Foliaf^e .—The family 166 x 161 contains a number of trees with 
golden yellow to greenish yellow foliage. I'his character however is not 
detrimental to yield, and two trees of the family are amongst the best 2 
or 3 per cent, of all the crosses. 

Germinating; Plants ^vith no Green Leaves .—Several germinating seed¬ 
lings of 145 X 139 and 138 x 139 had white leaves and died off on planting 
out. This character apparently ('omes ftorn 139. 

Fasciations .—A number of 164 seedlings developed fasciations when 
about one year old. 

IV. DISCUSSION 

.Although the results show that higher yielders have been obtained in 
the first generation the selection problem has not been simplified, and one 
cannot prophesy the behaviour of the seedlings from the yield of the mother 
trees. 

Further seed selection wdll be carried on from families that are uniform 
as well as high-yielding. New clones will be started from those families 
with high individual yields and a high family average, although for this 
purpose uniformity is secondary it should be considered as w^ell, for the new 
c'lones may be valuable for seed as well as yield. 

The most promising type for continued selection is 157, Already new 
crosses have been made to introduce more growing power and resistance to 
brown bast in addition to increasing the production both' from the old mother 
trees and from various members of the families of crosses that possess the 
desired characteristics. 

The 161 families are a promising group for clonal selection but their 
variability is rather great for seed selection. 

As one is limited to a small number of trees for seed selection and 
breeding, it is apparent that an endeavour must be made to increase the 
number of trees per family, for the results of experiments on a small number 
of seedlings can be regarded only as preliminary. 

V. CONCLUSION 

On an average the seedlings have not yielded as well as the best clones, 
but as the yield of an area of seedlings can be increased by selective 
thinning then seed from crosses of 157 caa be regarded as equal in value to 
buddings. In time wdien seed from seed gardens becomes available the 
slogan ‘‘buddings versus seedlings” will be changed into “seedlings and 
buddings.” 
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SEED TESTiNG* 


ITS VALUE TO THE FARMERS 


O WING to the extent of the development of world-wide competition 
in agricultural production during the past few years, the farmer 
has to eliminate every element of chance in farming practices to 
strengthen his position in this struggle. 

The modern farmer cannot, today, use the out-of-daite 
methods which were excusable in the early days, for then the cost of produc¬ 
tion was less while competition was negligible. Those obsolete methods 
should no longer be practised—conditions are dilferent, prices of seed higher 
and labour more expensive; in fact the cost of production is greater in 
almost every respect, and consequently profits tend to diminish. An import¬ 
ant factor in ensuring ,aii increase of profits is the use of agricultural seeds 
df only good quality. This implies seed testing previous to buying or 
solving. 

The testing of seed before sowing is by no means an innovation in the 
history of agricultural progress. As early as 1869 the first Seed Control 
Station was initiated by Dr, Nobbe in Saxony, and since that time similar 
stations have gradually extended over Europe. Two of the most outstanding 
are at Zurich (Switzerland) and Copenhagen (Denmark). These are 
regarded as the world’s leading establishments in seed testing and much 
valuable research work has been done at both. Great Britain, Ireland, 
Canada, U.S.A., New Zealand and Australia have also been testing seed to 
a greater or less extent for many years. They each have established one or 
more seed^testing stations. 

Before the introduction of seed testing, farmers knew very little about 
the quality of the seed they b<iught for sowing. Scientific methods for 
a.scerlaining their value were unknown, consequently they had to rely on 
simple unorthodox tests, such as appearance, smell, size and taste. The 
doubtful means of discrimination did not, however, satisfactorily demonstrate 
their value, as that can only be accurately determined by scientific testing. 

It is essential for the farmer to understand that a good sample of seed 
should contain the largest possible quantity of the seed of the plant desired 
for growing, and consequently freedom from seeds of undesirable plants and 
inert matter such as chafi', soil particles, etc.—in other words as high a 
percentage of purity as can he obtained ; combined with this the seed should 
be capable of vigorous g^rowth, ?.c., should give a high percentage of 
germination. 

It frequently occurs (and the explanation often troubles the farmers) 
that, after spending much time and money they obtain very disappointing 
crops, accompanied by a good stand of weeds many of which may be new to 
their areas. They do not always realise that the fault may be in the seed 
sown, and that the only way to safeguard against ilhis is to have all the seed 
which is bought tested, or only to buy guaranteed tested samples. The 
introduction of new weeds on to a farm is serious, and should be avoided if 
possible. Unfortunately most weeds are free seeders (thereby prc)ducing a 
;?further heavier infestation next season) and loss in time and money eventually 
occurs in eradicating them. 

■ H ill. . - . . . . . . ...-I,. ... . . , - I , .. , 

♦ By H. G. Eliott, Dip. Agric., in Journal oj the department of AgricuUuref Western 
Australia^ Vol. 7, (.Secuiitl Srries) No. 1, March 1$^. 



The lollcwing points with respect to the purchase of seed should be 
considered by all farmers: 

1. Suitability for distric't, particularly as to kind and variety. 

2. Freedom from, and resistance to, diseases. 

3. Quality. 

4. Purity. 

5. Germination. 

It is very probable that most growers considtu" the first before buying, 
but with regard to the others, it is <'ertain that they are frequently over¬ 
looked. Progressive larmers, who recognise the importance of better and 
more profitable crop production, must realise, however, that the careful 
selection of seed under the points above enumerated is worthy of their 
attention. 

This article is written with the purpose of encouraging farmers to buy 
and use the best seeds, also to convince them that they have no justification 
whatever lor buying and using cheap and inferior seeds with a higher pre^- 
portion of weed seeds. The main points to be borne in mind are: 

1. Seeds of some crops are unavoidably mixed with seeds of some 
undesirable weeds, which, when sowm may gain the upper hand and 
reduce the stand of the main crop, consequently they, will necessitate 
labour and expense in eradication to prevent permanent injury to the 
farm. 

2. Old seed, which may have a low germination capac’ity, results in a 
poor crop, the field having throughout only si'altcred plants. 

3 Seeds may have low germinating capacity due to : 

(a) Unfavourable conditions during the development, harvesting, 
and storage of the seed; or 

(b) Seed that has been kept too long, /.e., old age. 

4. Seeds of certain crops such as lucerne, clovers, grasses, etc., found 
for sale, usually come from overseas countries which may have a 
vastly diJTerent climate to that under which they would be grown in 
this State, the ultimate results being reduction in yield of crop and 
carrying capacity of the pastures. 

In the selection of seeds the following points should be looked for: size, 
colour, plumpness, brightness (and occasionally smell), but it is not always 
easy to judge by the eye. Something more than good appearance is needed, 
and that is high percentage pitrity and germination. 

In conclusion, the folUnving points slu)uld be given careful consideration : 

Bu\f on tested samples and oi>fuin a staiemani as to pvrccfitage purity 
and germination^ which will tell what proportion oi the hulk of the seed is 
true to name; note the nature of the impurities and especially the amount 
of weed seeds present. The germination will show the perc'entage of pure 
seeds which are capable of growth. 

Avoid cheap seeds unle.ss there is definite proof to show they are good, 
as vheupness and inferiority generally go together. 
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SOME PINEAPPLE PROBLEMS'** 


SLIPS AND SUCKERS 


T he practical problems in pineapple ^rowin^ are stated to be: to 
secure (1) a large per cent of plants that will fruit at an age of 
12 to 18 months; (2) large size fruit; (3) fruit of good quality 
free from blemishes; (4) a large number of slips and suckers; 
(5) slips and suckers that are potentially capable of achieving 
the results mentioned above. I'his article deals with slips and suckers. 

Parts used for is well known that the pineapple plant 

is propagated mainly by means of slips and suckers, and growers in Puerto 
Rico generally know what offshoots these names apply to. Ratoons are 
left in the field to produce a crop but they are seldom transplanted and they 
are not usually considered desirable for that purpose. Occasionally the 
old stalk of the mother plant is used for propagation and the ratoon from 
that generally produces a satisfactory plant. C rown-slips are not planted 
because they are too small. Crowns have not, so far, been planted exten¬ 
sively in i^uerto Rico, but when the fruit is canned there is no reason why 
well-developed crowns from large fruit should not be utilized, for experiments 
have shown that they produce sat.sfaclory results. Seeds are not used for 
commercial planting, but they are not difficult to handle and propagation 
from seed is a very promising method for the production of new varieties. 

Quality of Slips and- Suckers.- -The: term quality, as here used, denotes 
the capability of the slip or suckers to reproduce the characteristics of the 
mother plant. This may be fixed to the extent that one or more chara('- 
teristics aiAj inheritable throughout many generations regardless of environ¬ 
ments, which is illustrated by the condition locally termed macho. The 
quality may also be temporary, due to the environments under which the 
mother plant developed, whii'h is illustrated bv the starved spindly slip from 
a starved reddish coloured spiny plant. This will be further elucidated 
in a later chapter. 

Selection .—Several growers have practised systematic selection during 
the past few years and the results sliow that some improvement can be 
obtained by having the most intelligent workers go through the field, before 
the fruit is picked^ and daubing a leaf on each of the most desirable plants 
with paint. From these plants the slips are gathered when large enough 
for planting. The points usually considered as a basis for selection are: 
large stocky plant, large size fruit, and an abundance of slips and suckers. 
Other points such as time of fruiting, shape of fruit and quality of fruit 
have not yet been extensively considered in commercial plantations and it is 
not yet definitely known to what extent these characteristics are reproducible 
by the progeny of the Red Spanish plant. 

Selection can, of cour.se, be further developed by always being on the 
lookout for outstanding types of plants. There are very frequently such but 
they are not always readily recognized. If the type appears to be undesir¬ 
able it is well to pull the plant up and destroy it for if it remains the slips 
are liable to be planted and some types increase very fast as did the macho 
some years ago. 

* jBy Henry C. Henricksen in AgriciUtvtral No, 51, May, 1030, published by 

the Porto Rico Agricultural Experiment Station, San Juan. 
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Rejection ,—Although a grower may not practise selection he always 
rejects some planting material. Most rejections are for size, but that 
differs according to personal views. Some growers reject all slips less than 
5 inches long and others plant none less than 8 inches long. The reason 
for rejecting the smaller slips is that they are difficult to handle, and they are 
liable to become buried or uprooted which necessitates much replanting. 
Also the time from planting to fruiting is much longer for a 4-inch slip than 
for one 8 inches long. 

The upper limit of size is also of some importance for a very large slip 
is liable to produce a plant that blooms prematureily. But regardless of 
size a slip should never he left on the mother plant after it stops growing. 
A slip that is partly dried up before it is pi<'ked always gives unsatisfactory 
results. 

The statements regarding slips apply to sinrkers as w’ell, especially in 
regard to large size. A sucker more than 10 inches long is liable to bloom 
in 8 to 10 months and when it does the fruit will be undersized. Premature 
bI(X)ming of large slips and su('kers may be very mut'h lessened by heavy 
ferBlizalion of the young plants, and of course by irrigation wlien water is 
the limiting factor. 

A slip or sucker should be stout with ])road firm leaves. If it is slim 
and the leaves are narrow and flacid it should be rejected. 

'1 he Macho.--\hc so-called macho (male) or rindn (kidney) type of 
plant is characteristically vt‘getaiive, being usually large and producing an 
abundance of slips. I he fruit is small, knobby and often kidney-shapped, 
hence the name. This type was called to the'writerattention 10 or 12 
years ago by Mr. Bert E. Stevenson of the Palo Se('o Plantation who 
suggested that the unfavourable chara('terisli('s might be inheritable. This 
has proved to be the case. Expeidmenls with plants carried through several 
generations have shown that such plants always produced small misshaped 
fruit. I'his type of plant lias been rogued out in most plantations during 
the past 5 to 6 years, but it is still in evidence. It appea.rs to be a spon¬ 
taneous development, but that has not yet been proved. 

Effect of Envirounicnls .—Several million plants were imported from 
C'uba in 1921-1923. 'riiesc proved to be generally superior to tht^ majority 
of the plants then grown in Puertt) Rico, and the progeny has continued to 
produce desirable plants and fruit under favourable soil and cultural con¬ 
ditions. This naturally suggested the pi>ssibility that the strain or strains 
of Red Spanish grown in Cuba might be superior to tliose grown in Puerto 
Ric'O. 

With that theory in view investigations have been conducted during 
the past few years and the following ('onclusions may be drawn from the 
results obtained: (1) The characteristics of the Cuban plant may be 
reproduced from generation to generation, under soil and ('ultural conditions 
favourable to the pineapple plant. But this habit is not fixed to the extent 
that it can withstand extreme unfavourable conditions ; (2) the same applies 
to plants grown in Puerto Rico before the introductions from Cuba. This 
was proved by the following experiment: slips from Cuban plants and from 
selected Puerto Rican plants were set in adjacent beds of extremely poor 
sandy soil w^hich was only lightly fertilized. The two lots of plants behaved 
similarly, they were smtdl, wdth narrow reddish leaves and they produced 
small-sized fruit. The slips from these plants were set in medium good soil 
and given the usual care. The two lots of plants again behaved similarly, 
they were undersized and produced small size fruit. The experiment was 
not continued and it is not known how many generations might have been 
required for bringing 4he plants back to their former productivity. It is 
unquestionable, however, that unfavourable environments may cause damage 
to one generation of plants which may not be overcome in several succeeding 
generations under favourable environments. 



The most important environmental factors are soil, fertilizer, moisture, 
planting and cultivation which have all been discussed in previous articles. 
Hut the characteristics produced by those environments are not always 
reproducible under different environments. For instance the low, spreading 
habit of growth of the plant on some clay soils does not persist beyond the 
first generation when plants are transferred to sandy soils; nor does the 
upright habit of growth on the latter soils persist when the plants are 
transferred to the former soils. Likewise the prevailing shape and colour 
of fruit in some plantations, or part of a plantation, may be maintained in 
those locat ons, but the habit is lost by changing the plants to different 
locations. Colour and often shape of fruit are due to soil constituents, 
normally present or supplied, whi('h is provable by the potassium nitrate 
results reported in Article 17 of this series. 

The method of planting has a very decided effect upon the general 
development of the plant. For instance the plants in a two-row bed or in the 
outside rows of a four-row bed are better developed and produce larger fruit 
than those in the two middle rows of a four-row bed, especially when the 
soil is not entirely suitable. 

Of other environmental factors altitude and temperature have been con¬ 
sidered. Slips orginating at about sea level, w.th a mean annual tempera¬ 
ture of 80®F. and a mean monthly temperature of for the winter 

months, were interchanged with others originating at an elevation of 1,400 
feet with a mean annual temperature of 73'^F. and a mean monthly of 70®F. 
for the winter months. The results did not show variations that could be 
attributed to differences in altitude or temperature. 

It is not improbable that more prolonged observation may show (hat an 
interchange of propagation material from one soil type to another or from 
one district to another may be beneficial, but the fact remains that with 
suitable soil, proper fertilization and cultivation a grower can improve his 
strain of plants and maintain it for a long -time. If undesirable charac¬ 
teristics arie produced due to loc'al soil conditions interchange is of course 
des rable, even necessary. If on the other hand such characteristics are 
desirable they should he maintained by planting the same type or strain of 
plant on the same type of soil continuously. 
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THE SCLEROTIUM DISEASE OF COFFEE* 


SOME NOTES ON THE ORIGIN OF THE DISEASE 
ITS OUTBREAK, AND CONTROL 


I F an examination be made of any collection of dead leaves on coffee 
grants of the North-West District affected with Sclerolium Disease 
(.S’, cofjeicohim Stahcl), the orang^e sclerotia and feathery white 
mycelium of the fungus will be found occurring plentifully on the 
damp underlying knaves, 'fhe fungus was readily found in this stage 
in April, when little or no infection of the coffee bushes was visible. At 
the same time, in the forests west of the Aruka River and the cultivated 
area, the writer found upon decaying leaves sclerotia and mycelium similar 
to those found beneath the coffee bushes. Later in the year, when it was 
possible to compare cultures obtained from the bristles of .S’, coffeicolum 
on diseased coffee berries, with those from sclerotia collected both in the 
forest and on the coffee grants, an apparently identical fungus was obtained 
in each case. 

"this sugg’csted that the fungus in question occiin*ed normally as a 
saprophyte on decaying leaf tissues, but was also a potential.weak parasite, 
which under suitable circumstances was able to obtain a foothold on living 
plants. In the case of Liberian coffee .Stahel has pointed out that the 
parasitic action of the. fung-us on leaves is confined to the penetration of 
the stomata and cuticle, the hyphae then entering the dead cells. Further 
cells arc killed in advance of penetration by the action of toxic substance, 
probably Oxalic acid, and the fungus continues its life on the plants as a 
saprophyte. 

Hitherto, apart from Liberian coffee and one or two other varieties, 
the fungus has only hf*en observed as a leaf parasite upon young plants of 
Cecropia pcltata I-. (Congo Pump). Last September, however, tlie white 
bristles characteristic of this fungus were found upon leaf spots on a 
number of other common weeds growing in the coffee grants. On Com- 
mclimi nudifloYn f., (Cana or Zeb grass) they occurred plentifully, and were 
easilv found on Vitis sicyaides Miq. (Snake Bush), the leaves of both plants 
showing spots to a quarter of an inch in diameter, with typical concentric 
rings. On an unidentified Melaslomaceous weed, small brown spots were 
occasionally found on the leaves, with one or two bristles on each. On 
Blechnum serndatum (Rich.) L., a fern growing extensively beneath the 
coffee bushes, a number of pinnae showed brown, dried patches, and in a 
few cases one or two bristles were to be seen on these. 

These observations were made on the Aruka River, but a case was 
seen elsewhere in the North-West District (at Baramanni Police Station) in 
which typical pots and bristles occurred on the lower leaves of some orna¬ 
mental bushes of Gardenia ? jasminoides FJlis (Christmas Rose). In this 
instance a few bushes of Liberian cofik^e which occur nearby showed no 
signs of the disease at the time of observation, which was September. 

In every case so far, however, the appearance of the fungus on living 
plants had always been in the immediate neighbourhood of coffee bushes. 
It was of interest then, when the unmistakable bristles were found (in 
October) on the leaves of a shrub or young tree naer the first falls on the 
Essequibo River, far removed from any cultivation. The plant, some 10 

^ By E. B. Martyn, B„A.» In The A^^riculiural Journal of Briiish Gn/ana, Vol. Ill, 
No. 1, March 1980. 
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feet high, was unidentifiable. It was growing near the water’s edge, in 
a rather open situation, where a small area of the immediately surrounding 
forest had been cleared some time previously, and had reverted to a state 
of secondary bush. On the large palmate leaves were small white spots, 
with a brown border, about one-tenth of an inch in diameter, which 
increased in size to large patches, with a maximum breadth of one inch, 
and from which the dead central tissue had in many cases fallen away. 
No definite concemtric rings appeared, but the bristles occurred plentifully. 
On decaying remains of fruits and leaves below the plant, orange sclerotia 
and the typical white mycelium were also to be found. Cultures prepared 
from the sclerotia in every way resembled those of S, coffeicolum. In 
addition, the sclerotia of the fungus were found upon dead leaves in the 
forest in this same neighbourhood. 

INOCULATION EXPERIMENTS 

Vo establish the identity of the fungus found on the coffee bush;‘s 
wiith that occurring saprophytically on dead leaves in the forest, it was 
desirable to carry out inoculation experiments with cultures obtained from 
both sources. No mature trees of Liberian coffee being readily available, 
an attempt was made with seedlings. These were put under bell jars, and 
portions of mycelium placed on the leaves and stems. Provided the atmos¬ 
phere was kept sufficiently damp, the mycelium made some superficial 
growth on the surface of the leaves, but no pcnetralion took place. Even 
when leaves were wounded by pricking, the fungus did not attack them. 
Possibly better results would have been obtained wdth bristles, although 
young leaves and see<!lings are seldom attacked even under natural condi¬ 
tions. Repeated attempts to produce the bristles in culture, however, on 
finely cut and sterilised Liberian coffee leaves, as advocated by Stahel, 
were unsuccessful, and they never appeared on the Corn Meal Agar media 
which was otherwise employed. 

Inoculation of seedlings having failed, a number of ripe berries of 
Liberian coffee were obtained, and sterilised by immersion in dilute Mercuric 
Chloride, after which they were washed in sterile water. Sixteen of these 
were placed in each of two glass chambers in which a damp atmosphere 
was maintained, and were inoculated respectively with the mycelium of the 
fungus obtained from the two sources, half of them being wounded first. 
A number of uninoculated berries, some also wounded, were kept under 
similar conditions as a control. After a week to ten days, four of the 
inoculated wounded berries in both chambers had turned brown over the 
greater part of the surface, the latter being covered with the mycelium of 
the fungus. A number of aerial rhizomorphs arose, which, however, lacked 
the rigidity and uniformity of the .true bristles. On placing attacked 
berries in a drier atmosphere, these rhizomorphs shrivelled, and no 
bristles were formed. If the berries remained in a damp atmosphere, 
sclerotia developed after about a fortnight from the time of inoculation. 
The unwounded berries were not attacked. 

ESTABLISHMENT OF THE FUNGUS UPON 
LIVING PLANTS 

It would appear from the above observations that Sclerotia coffeicolum 
is a fungus which is of quite common occurrence as a saprophyte upon 
decaying vegetable matter, but which under favourable circumstances is 
able to gain a foothold on the leaves of living plants. The difficulty of 
securing successful inoculations, and the rarity with which living plants are 
found attacked, outside a few cultivated areas (even in regions where the 
sclerotia and rhizomorphs are of comparatively common occurrence) sugge.sts 
that the fungus is not only a very^ weak parasite, but is also unable to 
attack the aerial parts of plants, as lacking any means of dispersal. 



The only means by which the fungus can spread itself effectively above 
ground is by the formation of bristles. From the scarcity with which these 
are found, apart from the small areas where the fungus has established 
itself on coffee, and the difTiculty of producing them in the laboratory, it 
woul<l seem that the conditions suited to their appearance are strictly 
limited. The bristles when formed, however, contain a high percentage of 
Calcium Oxalate (to crystals of which they ow^e their rigidity) and apparently 
when they fall on the green leaves of plants, these may suffer the initial 
penetration of the fungus under suitably moist conditions. This results 
in leaf spots of varying dimensions, according to the ability of the plant 
to form a callus limiting the action of the fungus, or to the continuation or 
otherwise of those conditions suited to its development. For active growth 
of the fungus needs continual moisture, and it is only when such prevails 
to an extreme degree, that the rhizomorphs appear on infected coffee 
bushes. 

Liberian coffee, when seldom topped or pruned, and growing so close 
that neighbouring trees often overlap, gives a mass of thick foliage amongst 
the lower branches of which conditions are peculiarly suitable for the estab¬ 
lishment and development of the fungus. I'he large fleshy berries seem 
too, when ripening, to form a particularly favourable substrate on which 
enormous numbers of bristles may be produced. These then spread the 
infection on coffee and on the leaves of other neighbouring plants. 

OUTBREAK OF THE DISEASE ON COFFEE 

The occurrence of the Scleroliiim disease on coffee is confined in British 
(jiiiana, so far as is known to a comparatively small area in the North- 
West District, where the coffee grants are closely surrounded by forest. 
Liberian coffee is grown, on the Pomeroon River, but the disease 
has never been reported in that loc'ality. The cultivated land thert?, how¬ 
ever, is not so closely surrounded by forest as in the North-West, the 
neighbouring country being more of the nature of swamp savannah, in 
which it is probable that the saprophytic stage of the fungus does not 
occur, at any rate commonly. The non-appearance of the disease here, 
and in some other small colfee-growing Ux'alities, must be ascribed either 
to the absence of the fungus, or more probably to the non-occurrence of 
those conditions most suited to the development of the bristles. 

In the North-West District, the disease invariably becomes prevalent 
in August or September, when the long wet season ends, being worst when 
there is less rain at this period than usual. Last year’s outbreak for 
instance was very mild compared with that of 1928, and it is noteworthy 
that the rainfall at Hosororo during what may be described as the critical 
period for the disease (namely the second dry season) was considerably 
higher in 1929 than it had been in the preceeding year, the total for 
September being nearly double that of 1928. Neither in 1926 or 1927 was 
the disease serious, and in both years the September rainfall was high 
compared with that of 1928, when a bad outbreak occurred. Normally 
the disease persists for two or three months, getting less towards the end 
of the year. In the 1925-26 drought however, when the December rainfall 
was considerably below normal, the attack was prolonged in the following 
year. 

The disease does not spread though during the first dry season of 
the year. An examination of the daily rainfall records at Hosororo since 
1025 " reveals the fact that the average daily precipitation from the latter 
half of August to the beginning of November, taken in fortnightly periods, 
lies very regularly between an approximate minimum of 015 inches and 
maximum of 0*41 inches, whereas from mid February to mid April the 



average, over the same period, though in one year reaching a maximum 
of O’40 inches lies for the most part between 0*0 and 0*23 inches. It would 
appear from this, that the formation of bristles is favoured by drier, but 
not too dry conditions. During the dry season heavy mists hang over the 
rivers and the adjoining coffee grants, and these provide the necessary 
moisture for the fungus if rain is lacking. It is possible that sudden 
changes in the degree of humidity provide the conditions suited to forma¬ 
tion of bristles, hut a certain minimum humidity is necessary for the further 
development of the fungus. 

CONTROL OF THE DISEASE 

It is apparent that control measures should primarilv be aimed at 
avoiding as far as possible those conditions which favour the development 
of the fungus. Proper pruning and spacing of the trees, allowing of better 
ventilation, is therefore to be advocated. It is obvious also that every 
effort should be made to remove dead leaves, etc., taking particular care 
to avoid the collection of these in heaps, such becoming thickly infested 
with the sclerotia and rhizomorphs of the fungus. 

In years when the attack is of a minor degree, the amount of dam ge 
done Is small, and very little loss is sustained from the fungus. In bad 
outbreaks, however, considerable loss is caused at the time, in addition 
to which more far-reaching damage is done to the trees. As an instance 
of this, several trees were noted in 1929, xvhich though little affected bv the 
disease, bore branches almost bare of fruit, the after-effects of the fiu'gus 
which had been observed as being especially plentiful on these same trees 
in the preceding year. 

In order to estimate what benefits are likely to accrue from spraying 
with Bordeaux mixture, and whether this will produce a sufficient increase 
in crop to justify the expense entailed, a series of experimental spraying 
were carried out last September. The results must await the completed 
picking of the crop, and the experiment will have to be repealed for more 
than one season before reliable information can be obtained. As the out¬ 
break last year was slight, it will noft be possible to obtain a fair estimate 
of benefit of spraying to counteract the disease, hut data as to cost have 
been secured. Should spraying prove to be not economicallv worth w'hile in 
normal years, though justifying the expenditure when the outbreak of the 
disease is serious, it should be possible for farmers to foretell when a bad 
attack is impending, and spray their crops accordingly. The inference 
at present seems to be that a sudden falling oT in rainifall at the end of 
August, followed by a dry September, are conditions presaging an abnormal 
attack. In considering the benefits of spraying, ho ,\ ever, factors other than 
the direct increase in crop must be considered, such as cases in which an 
increase in yield might be negatived owing to inability to harvest the whole 
of the augmented crop. Loss due to shortage of labour is not uncommon 
in the district. 

DETAILS OF EXPERIMENTAL SPRAYING 

Experiments have been inaugurated upon two grants to test the 
efRcacy of varying strengths of Bordeaux mixture. On one grant the 
trees are topped and seldom exceeds a height of 8-10 feet, whereas on the 
other they are untopped, and are sometimes 20 feet high or more. The 
general scheme has been to spray alternate beds, leaving the intermediate 
bed.s as controls. 1'he total areas sprayed on the two grants were approxi¬ 
mately ten and sixteen acres respectively. Bordeaux mixture of 1%, T6% 
and 2% consistency was used on different sets of beds, and on pne grant 
resin was used as an adhesive, this effect being obtained on the other by 
use of a double quantity of lime. The machines employed were , ooiur 
pressed air sprayers of the knapsack type. 
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The contrast in cost of spraying topped as opposed to untopped tree;; was 
very marked. In the case of the untopped trees, the rate of application 
of the mixture was between 200 and 250 gallons per acre, the cost of labour 
(not inclusive of supervision) being $3‘50 per acre, and the total cost per 
acre, inclusive of materials, but not including the initial cost of the 
machines, was between $6’50 and $7 00 per acre, according to the 
materials used. Where the trees were topped low, the spray was applied 
at an average rate of 70 gallons per acre, the labour costing $T15 per 
acre and the total cost, reckoned as above, varying between $2 20 and 
$2*50 per acre. 

CONCLUSION 

It appears that S. coffeicolutn is a species of ScJerotinm. living nor¬ 
mally as a saprophyte upon the decayed vegetable matter, which is able 
under certain circumstances to attack the tissues of living plants. To enable 
it to do this extensively, however, it is necessary for the motile organs 
of the fungus to be produced, namely the peculiar rigid bristles, but 
conditions suited to the formation of these are limited, and apparently 
in the natural environment of the fungus are seldom attained. 

It is of interest to compare .9. coffcicolum with .9. rolfsii of which Nakata 
in his studies in the latter fungus, regarded it as a strain. S. cofjeicolum 
dilfer from .9. rolfsii in the fact that it is a weaker parasite, and attacks the 
aerial portions of plants and not the roots and base of the sttm. Its com¬ 
paratively wide range of hosts is a point in common with the other fungus- 
although conditions suitable for its attack are less generalised. By a com¬ 
bination of suitable circumstances, this species of Scleroiiuin has established 
itself upon Liberian coffee in certain localities, and finds in this plant, as 
grown under cultivation, a well-adapted host. But normally at only one 
season of the year do conditions oi'cur suited both to the production of bristles 
and the further development or* the fungus. When the conditions are 
especially favourable, the fungus may spread on the coffee to an alarming 
extent. These niajor outbreaks, however, are apparently of irregular 
occurrence, the damage done by the fungus in normal years being com¬ 
paratively slight. 

SUMMARY 

(!) Sclerotia and rl]i:i'omorphos of .9. coffeicohun , similar to those found 
on debris beneath coffee bushes, were discovered upon dead leaves in the 
neighbouring forests in the North-West District, and also elsewhere. 

(2) The unmistakable bris^es of the fungus were seen on the leaves 
of a r.umber of plants other than coffee in the North-West District, and in 
one case were found upon a wild plant in another part of the Colony. 

(3) Similarity of appearance both in nature and in artificial culture, 
together with results of inoculation experiments, showed the fungus found 
on dead leaves in the forests to be identical with that causing the disease 
of coffee bushes. 

(4) Observations point to the fungus being a fairly common 
saprophyte, which is able under suitable circumstances to attack living 
plants, the essential factor in this attack being the formation of the bristles. 

(5) The periodic outbi^ks of the disease are discussed, and it is 
suggested that optimum conditions for the latter only arise in the dry spell 
following the long wet season, a certain minimum humidity, however, being 
necessary for the development of the fungus. 

(6) Control measures are indicated and spraying experiments outlined, 
together with details as to cost 
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ANIMAL HUSBANDRY 


CATTLE BREEDING AND ITS PROBLEMS* 

I T i$ twenty-six years since, throuj^h the discovery of Gregor Mendel’s 
work, the foundations of the science of genetics were laid. 

In two respects those years have been very fruitful. The theory 
of genetics has been quickly built upon the rock of Mendel’s dis¬ 
covery, and to-day It is a tolerably complete and, so far as one can 
tell, a thoroughly sound structure. It is, of course, true that the simple 
Mendelian hypothesis has had to be amplified and modified, and that the 
mechanism of heredity has turned out to be a good deal more complicated 
than was at first foreseen. Nevertheless, genet.cs is now an exact science, 
whereas the pre-Mendelian books 'on breeding contain only a mass ol 
uncoordinj^ted facts and observations. The brt;eding ot plants for economic' 
purposes has also made immense progress. The species which provide the 
easiest material have been taken in hand with notable and even brilliant 
results, and the most troublesome are being tackled with new and reasonable 
hope of success. 

In another respect these years have proved comparatively barren. The 
practical business of stoi'k-breeding stands today very much where it did 
twenty-six years ago; indeed, it is difficult to maintain that much real 
progress has been made since Bakewell worked out his system in the latter 
half of the eighteenth t'entury. 

At tlie moment it is possible to argue for either of two points of view 
with regard to the future of animal brcecyng. On the one hand, it can be 
maintained that the heredity of our farm animals presen?:s so complex a 
problem, and that the number of individuals that can be bandied is so small 
that Mendelian analysis is quite beyond the bounds of practical possibility. 
It can be pointed out that Morgan’s Fruit-fly (which is presumably a simple 
organism compared, say, wdth the dairy cow) possesses at least two hundred 
pairs of Mendelian factors, and probably a good many more; that it is a 
species which can be bred literally in millions, and which produces a genera¬ 
tion in a few^ weeks; and yet it has taken a decade and more for a large team 
of brilliant scientific men to work out a somewhat inc'omplete picture of its 
heredity. At the same relative rate of progress, it would require centuries 
of experimental work on a vast scale to analyse the germ-plasm of a large 
and slow breeding species like the ox. 


There is another side to the argument which I shall try to put before you 
presently; but in the meantime let us examine our existing methods of breed¬ 
ing and consider wherein and how far they succeed or faii. 

There are, of course, certain old established and generally accepted 
principles that are very good so far as they go. In essence these are reducible 
to two, which -are both as old as Bakewell, Nothing could he better, as a 
general guide to the first steps of live-stock improvement, than the advice 
that we should ‘"breed the besit to the best.'’ The great early breeders 
started by selecting the choicest specimens that they could find, or that they 
could aifosrd to buy, among the general stock of the country, and their 
subsequent procedure amounted to a severe culling of females and a careful 
selqption of sires. The result w^as that, for the first few generations, there 
wa^ marked improvement in the general merit of tlieir herds. 

* Kfiprinted from The Journal of the University Collrj^e of ‘MaUs, XVI,, 
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But with such a method a sta^e is soon reached when progress slows 
down and even ceases, and the only further result of our labours is to prevent 
deterioration. If we start with a herd of cows having an average yield of 
four-hundred gallons, it is usually an easy business to raise the average, by 
selection, to six or sevem-hundred gallons. But it is very hard, by the same 
methods, to reach eight or nine-hundred gallons, and even more difficult to 
maintain such a level from year to year. Again it is comparatively easy (if 
one has the money) to collect a herd of thousand gallon cows, but it requires 
rigorous selection to maintain an average of eight or nine-hundred gallons 
among their progeny. This is what (lalton meant V)y his law of filial regres¬ 
sion, this tc‘nclency among the progeny of any selected group to regress 
towards the mean of their race. The explanation, as far as milk produi'tion 
is concerned, is probably tha^ the thousand gallon cow is the result of a 
happy accident in the way of a combination of Mendelian factors ; and partly 
too that -milk production is a fluctuating charat'ter, determined by other 
influences than heredity. 

Mass selection then is like swimming against the stream; at first the 
swimmer makes good prf)gTess, but this becomes progressively slower until 
at last he must exert all his efforts avoid being swept backwards. It is 
my belief that, in the more highly improved of our flocks and herds, mass 
selection is already played out. With the best judgment in the world an(l 
with a purse as long as need be, the owner of such a herd who sets out tc 
buy a young sire is about as likely to do himself harm as good. 

The more one sees of the best herds, the more one is driven to the 
conviction that further progress is only to lx* made by what the genetics 
call genotypic selection—/he prini’iple of breeding from the proven sire. It 
is sometimes claimed, and it is possibly true, that there are men who 
are able, by some kind of instinct, to recogni/e a great sire before he 
has been tried ; personally I have never met a breeder of wide experience 
who did not freely admit that he had made big mistakes. It is a 
commonplace that a really good sire can make, and that a really bad 
one can ruin a herd, yet, on the whok*, surprisingly little trouble is taken to 
dislingui.sb, by actual trial, the one from tin* oIIhm*. 

It must;, of course, be admitted that genotypic, select ion presents diffi¬ 
culties. In a dairy herd it involves postponing judgment on a* sire until his 
daughters come into milk, by wdiich time he is probably five a ears old. But 
if breeding is to be anything more than a gamble, it is the only system to 
follow. Bakewcll found the pra('ti*'al solution on many of its difficulties 
when he began his scheme of letting out (instead of selling) his hulls and 
rams, and thus ensured for himself a wide choice of tested sires. 

Even genotypic selecti(»n has the drawback that it does not help us to 
achieve finality. We must keep on testing out sires, one after another 
indefinitely, always facing the risk that sooner or later we shall not find the 
animal we require. The lot of the plant breeder, in many cases, is a far 
happier one. If he produces a Yeomen WHieat or Victory Oat, he has got 
something tangible and permanent, a landing plac'e where he can escape 
the current of regres.sion. Is it not possible, by som(^ imitation of his 
methods, to secure the same advantage? 

In plant breeding the principle that has been most fertile of results is 
that of the pure line; if the animal breeder could, by intensive in breeding, 
produce completely homozygous strains, he too would secure the advantage 
of complete fixity of type; it is true that he might inadvertently or unavoid¬ 
ably fix a certain number of undesirable factors, but by crossing one pure- 
line with another, an^ by fixing and re-selecting new pure-lines from among 
the progeny, he might hope ultimately to eliminate these. 
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But in plant breeding* the pure-line system is not universally applicable. 
Working admirably with species like wheat and peas, which are normally 
self-pollinated, it breaks down with grasses and clovers, chiefly because of 
the phenomenon of self-sterility the plant refuses to allow itself to be inbred 
to the necessary extent. 

It is then a question of some importance whether or not pure lines, or 
strains approaching to the pure-line conditions, are possible in farm live¬ 
stock. It is conceivable that the answer may vary from species to species. 
Pure lines have actually been produced in certain species, e.g., in Droso¬ 
phila, the Guinea Pig, and the Rat; but there is the possibility that there 
may exist in other cases a state akin to self-sterility in plants. The answer 
can only be discovered by trial, and experiments are now being undertaken, 
for example that with Welsh sheep at Bangor. These experiments will 
necessarily be tedious and costly, but the point that they are designed tc 
settle is of fundamental importance for the future of the breeding industry. 

If pure-line breeding should be possible, the stock breeder will be in a 
sense more favourably situated than the plant breeder, because not only wil? 
he be able to perpetuate his fixed types, but he will also have the possibility of 
producing first crosses between these types^ and thus sei'uring, for 
commercial purposes, the added advantage of hybrid vigour. 

This, of course, is taking a long view, and in the meantime let us return 
for a little to the questions of more immediate practical concern. 

Practical methods for the further improvement of our cattle must 
necessarily be confined, for the most part, to measures dealing with bulls. 
In the main, although there are exceptions, good females are retained for 
breeding and poor specimens are slaughtered, and on this side little more 
can be done. 

The bull problem has two aspects; the bull breeder should try to 
produce a good article, an animal that will leave, in an ordinary herd, a lot 
of uniformly good progeny. On the other hand, the breeder for commercial 
purposes should be helped in every pc)ssible way to secure the use of good 
sires and should, in my opinion, be prevented from using definitely bad ones. 
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MEETINGS, CONFERENCES, ETC- 

BOARD OF AGRICULTURE 

ESTATE PRODUCTS COMMITTEE 

Minnies of the Forty-eighth Meeting of the Estate Products Committee 
of the Board of Agriculture held at the Head Office of the Department ol 
Agriculture, at 2-30 p.m. on Tuesday, July 8th, 1930. 

Present. —1'he Director of Agriculture (Chairman), the Acting Ento¬ 
mologist, the Acting Ag-ricultural Chemist, the Acting Mycologist, the 
Director of the Tea Research Institute, the Chief Technical Officer of the 
Rubber Research Scheme, the Government V'eterinary Surgeon, the Chair¬ 
man Planters’ Association of Ceylon, Sir SoUmion Dias Bandaranaike, Gate 
Mud^liyar A. E. Rajapakse, Mudaliyar S. M. P. Vanderkoen, Messrs. 
H. L. de Mel, J. Forbes, R. G. Coombe, J. Horsfall, J. Titterington, 
J. Carson-Parker, J. B. Coles, J. p'erguson, H. Griffiths, C. A. M. de 
Silva, S. l^ararajasinghain, C. Drieberg, F. R. Dias, J. Sheridan-Patterson, 
L. F. Roundell, A. W. VVarburton-Gray, VV. S. Burnett, R. Murdoch, 
G. Pyper, J. P. Blackmore, D. J. Malcomson, C, H. Wilkinson, Wace de 
Niese, G. Pandithasekera, and 1'. H. Holland (Secretary), 

Visitors. —Messrs. R. N. Searancke, S. J. F. Dias, J. C, Drieberg, 
V'. Canagaratnam, T. Sathasivam, ). 1. Gnanamuttu, N. V. W. Pieris and 
G. Harbord. 

Letters or telegrams regretting inability to attend were received from 
the Government Agent, Southern Province, the Hon. Mr. D. H. Kotalaweia, 
the Hon. Mr. C. E. Hawes, Messrs. A. T. Sydney-Smith, A. W. Reid, 
L. G. Byatt, N. D. S. Silva, C. Bourchier, A. W. Ruxton, R. de Zoysa, 
and H. vV. Roy Beiirand. 

Peiore the business ol the meeting started Mr. H. L. de Mel, on 
behalf of the Low'-Country Products’ Association, spoke a few' words ot 
welcome to Dr. Youngman. 

Mr. A. Ci. Baynham, on behalf of the Planters’ Association of Ceylon, 
also welcomed Dr. Youngman and at the same time expressed the apprecia¬ 
tion of the Assix:iation he represented of the services rendered by Dr. Small 
while’ acting as Director. 

Dr. Youngman spoke briefly in reply and identified himself with the 
expressions of appreciation of Dr. Small’s work. 

AGENDA ITEM 1. CONFIRMATION OF MINUTES 

The minutes of the last meeting having been circulated to members 
were taken as read and confirmed. 

agenda item 2. CO-OPTING OF MEMBERS 

The names of following new members of the Board of Agriculture 
were put before the meeting to be co-opted as m imbers of the Estate Pro¬ 
ducts Committee : 

Lt.-Col. G. O. Hunt, Messrs. L. G. Byatt, D. J. Malcomson, J. Carson- 
Parker, R. Smerdon, and G. Pandithasekera. 
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At a later stage in the proceedings Mr. C. A. M. de Silva proposed 
and Mr* G. Pandilhasekera seconded that Messrs. C. Rasanayagam and 
T. Sathasivam be co-opted as members of the Committee. 

All the above were co-opted as members. 

At this stage the Chairman said that quarterly returns of the collection 
of tortrix egg masses had been tabled and invited comments on these 
returns. 

Mr. J. P. Blackmore suggested that the pest had greatly decreased. 
He asked for information as to the state of affairs in Maskdiya and 
Dickoya. 

Mr. A. G. Baynham said that he had had the worst attack for some 
years in Dickoya. 

On the other hand members from Maskeliya, Dimbula^ and Dickoya 
considered that the pesi had considerably decreastjd. 

Mr. J. Forbes considered that it might now be definitely stated that 
the collection of egg masses had been beneficial. 

Dr. Norris said that the evidence of district planters’ associations had 
been to the effect that collection was beneficial and he thought the present 
figures confirmed that view% 

The Chairman asked for an expression of opinion from tlie meeting 
as to the desirability of continuing the regulations. 

Mr. Wilkinson proposed and Mr. Coombe seconded that the regulations 
should remain in force. 

The meeting agreed to this course, no period of duration being 
specified. 

At a later stage Mr, R. G. Coombe questioned the accuracy of the 
figures for the Haputale district. 

'fhe Chairman undertook to have these verified. 

AGENDA ITEM 3. PROGRESS REPORTS OF THE 
EXPERIMENT STATION. PERADENIYA. FOR THE 
MONTHS OF MARCH AND APRIL. AND MAY 
AND JUNE 1930 

Mr. Holland reviewed both these reports. 

Mr. R. G. Coombe made an enquiry about the proposed pruning 
experiment which had been abandoned. 

Mr. Holland explained the circumstances that had led to the abandon¬ 
ment of the proposal. 

Mr. Coombe asked if the same style of pruning was being continued. 

Mr. Holland drew Mr. Coombe’s attention to a section of the Progress 
Report in which it was stated that the pruning done in April this year 
was much lighter than the former practice. 

Mr. Titterington asked if there had been any signs of Phytophthom 
disease on budded rubber. 

Mr. Holland replied that this disease had not occurred at Peradenijlflir 

Mr. O^Brien said that Mr. Murray had been successful in controllibg 
the disease by spraying with Bordeaux mixture. the case of a severe 
attack the only course was to cut off the affect^ fMirt. ^ 
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Referring to the experiments in tapping rubber to death Mr. Burnett 
asked how the yield figures compared with those of Mr. Taylor. 

Mr, Holland replied that Mr. Taylor had only suggested a scheme of 
tapping to death, he had not quoted yields, but that even with the difficul¬ 
ties described it seemed possible that Mr. Taylor’s estimated figure of two 
and a half times the normal yield would be achieved in a full ytear. 

Mr. Carson-Parker enquired if any difficulty had been found in con¬ 
trolling the height of Indigofera endecaphylla in tea; he expressed some 
apprehension on this point. He also remarked on the danger of snakes 
and said that he had found coolies were nervous of entering a field where a 
thick cover existed. 

Mr. Holland replied that he was never quite able to see the need for 
apprehension as to the height to which Indigofera would grow. His ex¬ 
perience was that it grew to a height of perhaps eighteen inches and then 
remained stationary. He had a plot outside his office which was planted 
in 1923 and had not been touched since; the creeper had not increased in 
height since it first attained full growth. He admitted that snakes were 
a danger. Some time ago c<x>lies on the Experiment Station had been 
averse to entering a filed of Indigoft^ra on act'ount of snakes but this feat 
seemed now to have died down, 

Mr. R. N. Searancke, speaking of his experience with Indigofera on 
low-country tea, said he had found no trouble at all owing to the creeper 
growing too large and was perfectly satisfied with the creeper. 

Mr. J. P. Bhadcmore expressed approhension of the clanger of Indigofera 
growing up through the bushes and getting mixed with the tea leaf. 

Mr. Holland replied that the creeper certainly did grow^ up through the 
bushes but as it did not twine round or cling to the bush it was the easiest 
thing in the world to remove it by hand. On the Experiment Station the 
removal of the creeper from the bushes was the principal duty of weeding 
contractors and presented no difficulty whatever. 

Mr. Horsfall corroborated all that Mr. Holland said. He had found 
no difficulty in removing the creeper from tea bushes and found that con¬ 
tracts in fields under Indigofera were always the most popular. He 
alluded to an experiment he had tried at Mr. Stockdale’s request. All the 
surface soil was scraped away from a patch and Indigofera cuttings planted 
in specially prepared holes. A few years later the wffiole patch was a mass of 
Indigofera and a thick layer of rich organic matter was found on the 
surface under the creeper. He was surprised to hear no member mention 
the cultural treatment of Indigofera w'hich he considered of great importance. 

Another member suggested that Indigofera encouraged the growth of 
grasses 

Mr. Holland said that couch grass certainly grew freely through 
Indigofera but this was one of the few weeds that would come through a 
thick cover. 

Other members were of the opinion that Indigofera was favourable to 
the growth of grasses. 

AGENDA^ ITEM 4. THE DECLARATION OF THE 
KALUTARA SNAIL AS A PEST 

The Chairman reviewed the history of this question. Mr. H. L. de 
Mel, at whose instance the matter had been put on the agenda, stated that 
he did not now wish to press for the declaration of the Kalutara snail as 



A pest. He said that in the latter part of last year snails had been particu¬ 
larly bad in the northern part of the Kurunegala district. Large numbers had 
undoubtedly been brought down by streams from the direction of North 
Matale and very serious damage had been done to cover crops established 
with imported seed at considerable expense. Concerted action, however, 
between planters and villagers in collecting the snails had produced satis¬ 
factory results. 

Dr, Norris enquired how the snails hlad been destroyed. 

Mr. de Mel said that they had been put into pits, smashed, and burnt. 

The Chairman mentioned that in countries where there was no objection 
to the taking of life snails could be dealt with to some extent by poisoned 
baits. Paris green, dusted on to any material attactive to snails, was 
largely used. He believed that Mr. Roy Bertrand had had some success 
with lime poisoned with Atlas preservative. 

Members from Galle and Kalutara gave it as their opinion that the 
pest was distinctly on the decrease. 

Mr. Warburton-Gray said that he had effected a marked improvement 
by removing all branches and other material which formed hiding places 
for snails. 

The Chairman remarked that it appeared advisable to leave individual 
estates to devise their own measures for combating the pest. 

AGENDA ITEM 5. REPORT ON THE RAJAPAKSE 
KUMARA WANNIYAYA COCONUT TRIAL PLOTS 

Reports on these trials, conducted by Gate Mudaliyar A. K. Rajapaksc, 
had bten circulated to members. 

Mudaliyar Rajapakse explained the objects of the trials and said that 
it was at present too early to foi'm any definite conclusions. It was, 
however, indicated that manuring and cultivation resulted in palms coming 
into bearing earlier 

The Chairman ssaid he was .sure the Committee were grateful to 
Mudaliyar Rajapakse for the information given and hoped he would con¬ 
tinue these trials. 

Mudaliyar Rajapakse assured the meeting that the trials would be 
continued. 

Mr. Warburton-Gray suggested that it would add to the value of the 
experiments if records of the actual weight of copra from each plot were 
kept. 

Mr. C. A. M. de Silva asked Mudaliyar Rajapakse to include plots 
in which green material brought in from outside was buried. 

Mudaliyar Rajapakse undertook to do this. 

Th)e Chairman then introduced the subject of the length of time taken 
from pollination to maturity in coconuts. This point seemed of great 
importance in estimating the results of manuring or green manuring. I'here 
appeared to be differences of opinion on the subject. 

Mr. Warburton-Gray sai<J that the period was 12 to 13 months. 

Mr. Park said that CopelaiKi in his book on the coconut gave the 
period as 13 months. 

Mr. Haig-h said that Sampson^s book gave one year as the period. 
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Mr. Wace de Niese suggested that Mudaliyar Rajapakse, as a pioneer 
of coconut planting, would be able to give information from his records. 

Mudaliyar Rajapakse undertook to do so. 

AGENDA ITEM 6. THE GREEN MANURING OF 

COCONUTS AND THE APPLICATION OF MANURES 
TO COCONUT PALMS 

Mr. C. A. M. de Silva, at whose instance this subject was placed 
on the agenda, said that he wished to gather the experience of his fellow 
planters on the subject. He was personally of the opinion that the growing 
of green manures on coconut land had a definite retarding action on the 
palms and suggested that the bringing in of green materials from outside 
was preferable. 

Mr. Warburton-Gray said that he had grown green manures in coconuts 
for the past 10 years and had found that if the green crop was left alone 
there might be a slight depressing effect on crop but if the green manures 
were systematically ploughed in an increased crop resulted. 

Mr. H. L. de Mel disagreed with Mr. de Silva*s view and said he 
had found that the growing of green manures resulted in increased vigour 
to the palms. He said that he could speak for a long time on Ihi* subject 
of green manuring of coconuts but hoped at some future date to submit 
a paper to the Committee on the subject, 

Mr. Wace de Niese suggested that Mr. de Mel should read his paper 
at the forthcoming Agricultural Conference. This suggestion met with 
general approval. 

AGENDA ITEM 7. PUBLICATION OF RESULTS OF 
EXPERIMENTAL CULTIVATION OF TOBACCO 

'I'his item w^as included in the agenda at the request of Mr. H. L. de 
Mel and the Chairman asked Mr. de Me! to speak on the subject, 

Mr. de Mel dwelt on the enormous amount of money which was going 
out of the country to pay for imported tobacco. Many people were not 
aware that in Colombo cigarettes were being manufactured with imported 
tobacco. He suggested that this tobacco could be grown in the country. 
He w^as glad to note from the figures which were tabled, the large expan¬ 
sion of the growing of White Burley tobacco which had taken place in 
the Jaffna Peninsula. He thought that there was a possibility of White 
Burley having deteriorated and suggested the importation of fresh seed. 

The Chairman called attention to the samples of White Burley which 
were exhibited. The last crop w^as reported to be one of the best from 
the point of veiw' of quality that had ever been grown in the Island and 
the Department would shortly have tw^enty thousand pounds of this tobacco 
for disposal. He did not agree with Mr. de Mel on the question of deterio¬ 
ration and thought that the quality of the last crop showed the value of 
acclimatised seed. He explained the economic factors which governed the 
tobacco industry in Jaffna. The chewing tobacco grown was mostly 
exported to Travancore and the Travancore Government, in the interests 
of their own cultivators, restricted the quantity which was allowed to be 
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imported to 5745 candies per annum. The growing of White Burley 
acted as a safeguard since if the Jaffna cultivators saw that the crop of 
chewing was likely to be in excess of the quantity allowed to be 
exported more White Burley was sown. It was therefore essential that 
the growing of White Burley should b.e continued. He quoted extracts 
from i letter from the Divisional Agricultural Officer, Northern Division, who 
held the opinion that the continuation of the subsidising of White Burley 
cultivation was essential to the well-being of the Jaffna tobacco industry. 
The Chairman was of the opinion that it would be de;sirable to attempt 
to negotiate with the Travancore Government to secure a modification of 
the import regulations. These regulations operated unfairly against the 
Ceylon cultivators since the free importation of chewing tobacco from the 
Madras Presidency seemed to be allowed. 

Mr. de Mel spoke on the possibility of the establishment of a cigarette 
manufacturing industry in Ceylon from locally-grown tobacco. 

1 he Chairman assured Mr. de Mel that the Department would give 
all po^^sible help and encouragement. 

Mr. Burnett enquired if the White Burley samples shown were suitable 
for Wrappers. 

Ihc Chairman replied in the affirmative and said that the only objections 
to the tobacco so far raised were its rather high chlorine content and it? 
liability to absorb moisture. 

T. H. HOLLAND, 
Secretary, 

Estate Products Committee. 
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DEPARTMENTAL NOTES 


KURUNEGALA TOWN PADDY WEEDING 
COMPETITION. MAHA SEASON, 1929-30 


A paddy weeding competition was held in Kurunegala Town. 

There were 15 entrants. Each competitor was required to weed 
one pela sowing extent of field and supply all vacancies. Most 
of the cultivators ploughed their fields twice, and some thrice 
and even four times. Cattle manure, green leaves and ash 
were applied by some competitors. On the whole the work done by the 
competitors was very satisfactory. 


The following were adjudged prize winners : 

1st prize Galagedera Horatala 

2nd ,, J* P. Horatala 

3rd ,, K. H. Dingira 

4th ,, K, H. Sasira 


Rs. 20 00 
,, 12-50 

,, 1000 


DEMALA HAT PATTU AND PUTTALAM 
PATTU PADDY CULTIVATION COMPETITION. 
MAHA SEASON. 1929-30 


T here were thirty entrants to the above C'ompetition, In Puttalanri 
Pattu the competition was limited to cultivators of Rajakumara 
Wanni Pattu. 

Some competitors ploughed their fields thrice and others 
twice, while some applied cattle and green manure. 

The preliminary judging was done in February when eight names were 
selected for the final judging. 

The following were adjudged prize winners : 

1st prize C. P. Gunasekera ... Rs. 80*00 

2nd ,, Menikrala Vithanelage Herathhamy 20*00 

8rd ,, Punchi Banda Arachchi ... ,, 15*00 



MEDICINAL HERBS CULTIVATION 
COMPETITION, NORTHERN DIVISION 

T he above competition for prize offered by Veda Mudaliyar W. D, 
Fernando Vaidyasekera of Panadure, organized in the North- 
Central Province among registered school gardens was judged 
by the Manager, Experiment Station, Anuradhapura, assisted 
by the Agricultural Instructor, North-Central Province. 

12 out of 63 registered school gardens entered the competition. Six 
of these gardens took a keen interest, and grew more than a hundred 
varieties of herbs. The plots had been well arranged and maintained in 
a satisfactory condition. 

JAFFNA DISTRICT 

Of the eleven registered school gardens in the district four entered the 
competition. All of them took a keen interest and grew more than 50 varieties 
of herbs, and the Kopay Training School had over 300 varieties grown. 
The plots were maintained in a satisfactory condition, and the children were 
able to identify the varieties and explain their uses. The final judging was 
carried out by the Divisional Agricultural Officer, Northern Division, 
assisted by the Agricultural Instructor, Jaffna East. 

The judging resulted as follows: 

NORTH-GENTRAL PROVINCE 

1. A/Maha Elagamuwa, V.M.S. 

2. A/Comboddannawa, V.M.S. 

3. .^/Eppawela, V.M.k 

JAFFNA DISTRICT 

The Kopay Training School,.Jaffna. 

The prizes of Rs. 50/- each will be awarded to J/Kopay Training School 
in the Jaffna District and to A/Maha Elagamuwa, V.M.S, in the North- 
Central Province. 



BRITO-BABAPULLE GOLD MEDAL FOR 
PLANTAIN CULTIVATION IN THE 
KURUNEGALA DISTRICT 


T he competition for the Gold Medal offered by Dr. Brito-Babapulle 
for Plantain Cultivation was organised in May, 1929, and was 
restricted to members of registered Co-operative Societies in the 
Kurunegala District, when 29 cultivators took part. 

Each competitor was required to cultivate at least half an 
acre with such varieties of plantain as would yield the largest return, 
if sold. 

In most cases the bushes were vigorous in growth. Great enthusiasm 
was displayed at the outset and some competitors began by penning cattle 
and buffaloes as is done on coconut estates. 

'I'he final judging was done by the Divisional Agricultural Officer, North- 
Western, at which Mr. H. M. D. Banda, Head I'eacher of the Medamulla, 
Government V^ernacular Sch<x>l, was adjudged the winner of the Gold Medal. 


MEDICINAL HERBS CULTIVATION 
COMPETITION. NEGOMBO DISTRICT 

T he above competition for prizes to the value of Rs. 100/- offered 
by Veda Mudaliyar Daniel Fernando Waidyasekera of 
I\anadura, was oi'ganised for the first time tow^ards the end of 
last year among school gardens in the Negombo District with 
the ol>ject of encouraging the cultivation of medicinal herbs, when 
there were 13 entrants. Much enthusiasm was shown by practically all 
the schools, some cultivating as many as three hundred varieties of both 
terrestrial and aquatic herbs. 

The final judging was done early this year by the Divisional Agricul¬ 
tural Officer, South-Western, when the following schools were adjudged 


prize winners : 

First prize ... Denewita ... Rs. 40/- 

Second ,, ... Vigoda ... n 30/- 

Third ,, ... Heendeniya ... ,, 20/- 

Fourth ... Horampella ... >> 10/- 
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PADDY CULTIVATION COMPETITION, 
MULLAITIVU DISTRICT 


A paddy cultivat ion competition was organised by the Food Pro¬ 
ducts Committee, Mullaitivu, during the Kalapokum Crop,, 
1929-30. It was decided to award ceres ploughs to the winners 
instead of cash prizes with a view to improve tillage conditions 
of the Wanni districts by the introduction of iron ploughs. 

A large number of cultivators took part in the competition. The fields 
were well cultivated and manured and the competitors showed keen interest 
in the cultivation, and obtained good yields. 

1'he final judging was c^arried out by the Assistant Government Agent,. 
Mullaitivu, the Divisional Agricultural Officer, Northern, and Mr. N. D. 
Swaminathan, Prcx'tor, when the following were adjudged prize winners : 

MARITIME PATTU 

1st prize Velupillai Supramanium 

2nd . ... S. M. Eliyathamby 

VAVUNIYA NORTH 

Ist prize ... Velupillai Kandiah 

VAVUNIYA SOUTH 

I St prize ... K. Thambirajah 

Sinniah Ramasamy and S. D. Hin Banda highly commended. 
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ANIMAL DISEASE RETURN FOR THE MONTH 
ENDED 31st JULY, 1930 
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Rinderpest 
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32 
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428 

2 

76 
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8 
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10 



Western 
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Rabies (Dogs) 

... 


... 
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1 
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6 
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8 

6 
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2 
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1 



1 
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0 

1 
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9 
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361* 

6n 
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5 
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B 
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2 

1 + 
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BB 
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27 
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2 

... 
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•• 

:63 

6 
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.. 

I 

... 
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.''3 " 
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... 
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70 
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182 


... 
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... 

_3 
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... 
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Anthrax 




... 
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... 
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... 






Sepiicacmia 

9 

... 

... 

9 

... 

... 


Rabies (Dogs) 

12 

3 


4 


8 


* l cat* in a bniifalots. 
t A case* 


O. V. S* Office, 
Oolotnbo, I2th August, 1930. 


G. W. STURGESS, 
Government Veterinary Surgeon. 
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METEOROLOGICAL REPORT 

JULY, 1930 
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j 
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75 

54 
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86 
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70 
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15 
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The rainfall of July was consistently in deficit throughout* 1'he 
stations on the windward side of the main hills that recorded the most, 
were also the ones that showed greatest dificits below their own averages, 
e.g., Watawala, with 15*29 inches, had the highest total, but was only 
half \v^ay to its July average of 30*60. 

Deficits of more than ten inches were general in the districts of 
Pussellawa, Ambegamuwa, Dickoya and the upper part of the Kelani 
Valley, while deficits of at least 5 inches w^ere common in the Western 
Province, Sab., and the western half of the .Southern Province. 

Small deficits were also the general rule in the parts of the island 
where the July averages are low. Stations at which no rain was recorded 
throughout the month were chiefly located in the N.C.P., the Jaffna Penin¬ 
sula, the northern parts of the N.W.P, and Uva, and the southern half of the 
Eastern Province. 

The highest total reported in a day was 3*62 inches at Watawala on 
the 24th. The few stations that reached their average were chiefly in the 
Trincomalee district. 

Temperatures, and the duration of Sunshine, were above average in 
nearly all cases, and Humiditie$ as consistently below theirs, the only 
exceptions being on the east coast. 

Pressure was above average. Total wind movement was slightly below 
average in the north, though some of the up-country stations experienced 
some very strong wind. 

A. J. BAMFORD, 

' Superintendent, Observatory. 
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EDITORIAL 

THE RUBBER RESEARCH ORDINANCE 


A n ordinance to provide for the establishment of a Rubber 
Research Scheme came into force on the first of 
y\ugust. This is the third ordinance now passed for 
the fostering of our major crops, tea and coconuts 
already having been cared for in a similar way. This ordinance 
provides for the establishment of a Hoard “for the |)urpose of 
furthering and develojiing the rubber industry and of managing, 
conducting, encouraging and promoting scientific research in 
respect of rubber anil ail problems connected with the rubber 
industry, and in [larticular the growth and cultivation of rubber 
plants, the prevention and cure of diseases, blights and pests, the 
proces.ses for the treatment of rubber latex and the conversion of 
such latex into marketable rubber, and the utilization, marketing 
and disposal of rubber and in general of all products derived from 
rubber plants.’’ 

The funds to enable this work to be carried out will be 
derived by the levy of a duty of one-eighth of a cent on every 
pound of rubber exported from Ceylon. The Board directing 
the work is a representative one consisting of the Director of 
Agriculture, the Colonial Treasurer, three unofficial members of 
the Legislative Council, two members of the Ceylon Estates 
Proprietary Association, two members of the Planters’ Associa¬ 
tion, two members of the Rubber Growers’ Association, four 
members of the Low-Country Products’ Association and two 
members nominated by the Governor to represent small-holders. 
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Up to the present research work on rubber has been carried 
on under the direction of a Committee of those interested in the 
industry and with funds provided in part by the Government and 
in part by voluntary contribution from the rubber growers in the 
Island. 

This Committee directed the activities of a small scientific 
staff with laboratories at Culloden in the Kalutara district and an 
estate of some sixty acres of young rubber trees at Nivitigalakele, 
seven miles away. The Scheme will now be able to appoint a 
Director of its research work who will co-ordinate and supervise 
the various investigations of the scientific staff. Rubber planting 
is a comparatively new industry and whilst many valuable lines of 
progress have been opened up by scientific study of the tree itself, 
and its product the latex, there still remains much about which 
an increase of knowledge is to be desired and whidh might have 
pr.ictical importance in enabling the industry to hold on in a time 
of depression such as is now being experienced. The greatest 
aid is to be expected from any means that will give us a higher- 
yielding tree. This means an increased production per acre 
with lititle extra cost. Other assistance would have to mean 
either a considerable reduction in the cost of production other 
than by increased yield, a point not likely of achievement, or, an 
increase in the price of the raw article. The last point can be 
achieved artificially by restriction but a better thing would be 
economic stability in the world. At the present moment half the 
peoples of the earth found in the great Russian, Chinese and 
Indian Empires are producing little and therefore consuming 
little. This is really the root of our trouble. Little has been 
accomplished so far in the breeding from seed of a race of higher- 
yielding rubber trees but great advance has been made in the 
propagation by a vegetative method of budding of the high- 
yielding tree when detected. There is no doubt that the Dutch 
have already stolen a long march on us and Malaya is bidding fair 
to do so too by searching for a scientist of eminence at an attrac¬ 
tive salary to direct its rubber research scheme. When an 
industry is down then is the very time to intensively employ the 
most brilliant brains that money can attract. The great value of 
science was not learnt in Europe until she was wrapped in war 
and so in an industry science is too often only called in when it is 
in the death throes. The patient when faced with death employs 
the most eminent physician. We have now an ordinance to 
control our rubber research work and we need the most able help 
we can obtain, 
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INVESTIGATION OF THE BUNCHY TOP 
DISEASE OF PLANTAINS IN CEYLON 


J. C. HUTSON, B.A. (OXON.), PH.D. (MASS.) 

ENTOMOLOGIST 

AND 


MALCOLM PARK, A.R.C.S. (LOND.) 

ACTING MYCOLOGIST 

HISTORY ■ 


B unchy top illsoasc of plantains {Musa pamdisiaca L.) 

is known in Fiji, Australia and F'gypt. It was first 
recorded in Fiji and it is j)ossible that infected suckers 
were exported from thence to Australia, Ceylon and 
Eg’vpt. It is of interest to note that, while it is recorded that 
about forty years aj^o the disease threatened the banana industry 
in Fiji with extinction, it is no lont^er a serious menace in that 
colony. In Australia severe losses have been caused by the 
disease which almost wijied out the banana industry in many 
centres in north-eastern New Sf)Uth Wales and in south-eastern 
Queensland. 

In Ceylon the disea.se first made its appearance in the 
Colombo district in 1913. .Since then it has spread to the 
majority of the plantain-jrrowa’njr districts in the Island and 
durinjr the earlier part of the last deca.de proved a limitinjr factor 
to the growth on a commercial scale of plantains in the Centr.al 
and Western Provinces. The dise.ase has not as yet been 
recorded on plantains grown in the 'I'issa area, the nearest 
diseased plants having been found in the Hamhantota district. 
This freedom from disea.se is attrihtjted to the isolation of the 
Tis.sa area and also to the fact that no plantain corms or plants 
have been introduced into that area from other parts of the 
Island for a number of years. Recently there has been a revival 
of plantain-growing in those districts in which the disease caused 
so much damage previously and it is to he hoped that efforts will 
be made to prevent a recurrence of the earlier losses. 

SYMPTOMS 

The symptoms exhibited by the aerial parts of plantains in 
the advanced stages of bunchy top disea.se, viz., the dwarfing 
and bunching of the leaves and the difference in colour of affected 
plants from the normal, are so well-known in Ceylon that it is 
unnecessary to describe them here in detail. The recognition of 
the disease in the earh'^ stages assumes importance in connection 
with the efficient control of the disease and it is therefore pro¬ 
posed to describe the first symptoms somewhat fully. Such 
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symi)toms appear usually on the leaves of plants which have been 
recently infected by the disease. Magee has enumerated 
the early .symptoms and his description is quoted at length. 

“I'he first external symptoms of bunchy top appear in the 
leaves of the plant. The normal leaf emerges from the centre of 
the pseudostem with the leaf-blade wrapped tightly around the 
midrib in the form of a rod or ‘pipe.’ The leaf remains tightly 
rolled until it has almost fully emerged, and then commences to 
unfurl more or less evenly along its whole length. While unfurl¬ 
ing the leaf stands erect, and when fully unrolled the elongation 
of the leaf-stalk carries the blade clear of the pseudostem, and 
the leaf gradually assumes a position approaching the horizontal, 
making room for the next leaf which is pushing up through the 
pseudostem. 

“In the case of secondary infection, it is in a leaf which has 
unfurled in this manner that the first ,sym[Uom of bunchy top is 
usually observed. The first definite symptom of the disease is 
the appearance of irregular, nodular dark-green streaks about 
•75 mm. wide along the secondary veins on the underside of the 
lower portion of the leaf-blade, along the leaf-stalk, or along the 
lower portion of the midrib. 

“In the first instance one, two, or several of these streaks 
may be present. Usually others appear later in the same region. 
In character they may vary from a series of small dark-green dots 
to a continuous dark-green line with a ragged edge, an inch or 
more in length. 

“The lamina of the normal leaf is of an even rich green 
colour. From the midrib prominent vascular strands run out 
more or less perpendicularly, at intervals as main veins. The 
area between the main veins is lined by secondary veins which 
are even in colour throughout the leaf. The normal midrib and 
leaf-stalk are of an even pale-green colour, and are covered with 
a whitish waxy bloom. 

“Usually the dark-green streaks are first seen in the leaf- 
bkule, but may later appear in the midrib and leaf-! 5 talk of the 
same leaf. In some cases of secondary infection, an earlier 
indication of the later appearance of green streaks in the lamina 
is seen. I’his occurs in the ‘pipe’ or tightly rolled heart-leaf. It 
takes the form of the appearance of a number of irregular pale- 
whiti.sh streaks along the .secondary veins of the tightly rolled 
lamina when the ‘pipe’ is about one half emerged from the 
p.seudostem. When these pale-whitish streaks appear as the 
first symptom, the ‘pipe’ .shows a slight transverse wrinkling 
along its length. On unfurling, a leaf which has shown these 
early streaks, bears numerous dark-green streaks, along the 
secondary veins of the lamina. In other respects this leaf may 
not differ from the normal preceding leaves. 
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“Wihen, as usually is the case, the first symptoms take the 
form of a few characteristic green streaks in the lamina, midrib, 
or petiole, the ‘first-symptom’ leaf, except for these streaks, 
appears normal in size, shape and behaviour. In the following 
leaf however, while the pipe is still unfurled, pale-whitish streaks 
are seen along the secondary veins of the leaf-blade. I hese vary 
a great deal in number, depending on the degree of infection. 
The pipe or heart-leaf now unfurls slightly abnormally, beginning 
to unroll from the top region, giving the partly unfurled leaf a 
funnel-like a[)[)earance. In this leaf, when unfurled, dark-green 
streaks will be found to be [tresenl along many of the secondary 
veins of the lamina, and several dark-green dots or lines are seen 
along the midrib and petiole. This leaf will be smaller than 
normal, slightly chlorotic, and the marginal portion of the lamina 
will be wavy and slightly rolled upwards. 

“ Ihe presence of the characteristic broken dark-green 
streaks along the secondary veins of the lamina, or along the 
midrib or petiole, is the most definite and reliable symptom of 
bunchy top. Ihese' streaks appear as the earliest external 
indication of the dis('ase, and together with all other symptoms 
are not later retrospective in leaves which have been thrown 
earlier than the ‘first-symptoms’ le.if. '] he dark-green streaks 
are not apparent when viewing the dorsal surface of the leaf in 
reflected light. J'he leaf should Ix' inspected from the underside 
.so as to allow light to pass through it. 

“Successive leaves as they are thrown became more abnor¬ 
mal. There is a slight retardation in the late of growuh. The 
heart-leaf unfurls prematurely, and is slow in completing the 
process; often another leaf has Ix'gun to unfurl before the preced¬ 
ing one is fully utirolled. Ihe leav es may become progressively 
smaller in size or successive' leaves may be of smaller elimensions. 
(In normal grow'th e.ach leaf is larger th;m the preceding f)ne). 
There is a reduction both in width and length of the leaves, this 
being more notict-able in the case of the lamina than in the midrib. 
The petiole does not elongate normally, thus the leaves stand 
more erect than in the healthy plant. Leaves thrown seen after 
infection are distinctly chlorotic in ajtpearance, but this character 
does not persist except on the margins of the laminae. After 
several abnormal leaves have appeared, extreme congestion is 
apparent at the apex of the pseudostem. I'he leaves are seen to 
have lost their normal svmmet'rical arrangements around the 
pseudostem, and to have assumed the ‘rosetted’ condition. This 
characteristic arrangement of the leaves of a bunchy top plant 
does not result until several weeks after infection, and is thus not 
an early diagnostic symptom. 

“In colour the mature leaf of a secondary bunchy top plant 
is of a slightly more yellowish hue than that of a healthy plant. 
In the primary bunchy top plant the position is often reversed. 



130 

Owing to the dark-green streaking being present along the greater 
number of the secondary veins, the general colour of the leaf is 
sometimes darker than normal. The lamina of such a leaf usually 
has a light yellowish-green margin. 

“In texture there is a difference between the bunchy top 
and healthy leaf. Whereas the latter is elastic and pliable, the 
petiole, midrib and lamina of the bunchy top leaf are harsh and 
brittle, and snap readily when bent or crushed in the hand. 
There is a distinct rigidity and apparent resistance to wilting 
shown by bunchy tof) leaves. They are not nearly so readily 
shaken by winds as healthy leaves. 

“The surface of the lamina of a bunchy top leaf becomes 
markedly corrugated as it matures, due to the growth of tissue in 
the region of the main veins protlucing ridging on the dorsal 
surface, and trougihing on the ventral surface. I’his prominence 
of the main veins is not a diagnostic" symptom of the disease. It 
is often seen in the leaves of healthy plants growing under 
adverse, or even rank, conditions. 

“The margin of the lamina of the young bunchy top leaf is 
wavy and slightly upward-rolled at intervals along its length. In 
the older bunchy top leaf the lamina is not supported normally 
by the midrib; both sides tend to hang down so as to be nearly 
parallel with each other, the margin, however, remaining up¬ 
turned and rolled. 

“In primary infected plants, symptoms of the di.sease are 
a[)parent as soon as the first leaf apf)ears above ground. The 
leaves are .small, ro.setted, and numerous broken dark-green 
streaks are seen in tihe petioles, midribs and laminae. The 
margins of the leaves are usually highly chlorotic, and are slightly 
rolled upwards.” 

Associated with the changes in the aerial portions of bunchy 
top plants is an increase in the decay of the roots. It is a common 
experience in the examination of the roots of healthy plantains, 
particularly of mature plants, to find a proportion of the roots 
decaying through the agency of soil organisms or possibly 
degenerating through age. In bunchy top plants, however, this 
root decay is. more marked and for a long time was considered to 
be the cause of the disease. Magee (loc. cit.) considered this 
increa.se of root decay to be of a secondary nature and*suggested 
that it might be due to the loss of immunity on the part of the 
roots of an affected plant to the attack of otherwise harmless soil 
organisms. It is possible also that the reduction of the assimilat¬ 
ing surface of the leaves consequent on infection may lead to a 
weakening of the roots through an insufficient supply of carbohy¬ 
drate material. 

In all countries in which the disease has occurred investi¬ 
gators have endeavoured to discover the cause of the disease and 
to devise means for its control. Gadd reviewed the situation 
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in regard to bunchy top disease in 1926 and it is not proposed 
again to describe the results obtained by early workers. Efforts 
to elucidate the problem were without success until Magee {loc. 
cit.) working in Australia demonstrated that the disease was 
transmissible from diseased to healthy plants by the agency of 
the banana aphid {Pentalonia nigronervosa). When the results 
of his experiments became known in Ceylon evidence was sought 
to determine if the Ceylon disease was identical with that found 
in Australia. The symptoms were found to be the same and in 
addition the aphis found on plantains in Ceylon was identified as 
Pantalonia nigronervosa. It appeared therefore that the disease 
was identical in the two countries and subsequently Magee while 
on a visit to Ceylon examined diseased plants and reported that 
the disease was identical with that in Australia. In 1928 
Small (2), who had carried out a number of experiments to 
determine the significance of Rhizoctonia bataticola in cases 
of root disease of a wide range of plants, reported a preliminary 
experiment which indicated that Rhizoctonia bataticola might 
be associated with bunchy top disease and criticised Magee’s 
paper on the ground that insufficient attention had been 
given to the study of root factors. He stated that “Ceylon 
bunchy top requires to be investigated ab initio with due 
attention to each possible causal factor and with repeated tests 
of each under controlled conditions.” It was therefore resolved 
that an investigation should be initiated to determine, if possible, 
tihe cause of bunchy top disease in Ceylon. The experiments 
described below were formulated with the intention of determin¬ 
ing, if possible, if the banana aphis, Pantalonia nigronervosa, 
could transmit the disease from affected to healthy plants under 
controlled conditions, endeavours being made to eliminate the 
complications arising from the pre.sence of root parasites, with 
special reference to Rhizoctonia bataticola and the eel worm, 
Caconema radicicola. 

EXPERIMENTS 

The experiments were carried out in a framework enclosure 
made of rough jungle posts and completely covered with iron 
netting. A jute hessian screen was placed on the roof to break 
the force of heavy rains. The enclosure was 36 feet long by 24 
feet broad by 7 feet high at the sides from which the roof sloped 
up to the ridge pole along the top. Plate I is a reproduction of 
a photograph of the enclosure taken during the course of the 
experiments. 

Eight wooden stands, each 15 feet long by 2 feet wide by 
2 feet 6 inches high, were arranged in four rows inside the 
enclosure to hold forty pot plants, ten plants in eadh row. 

Forty cloth cages of the. type shown in the illustration were 
made. Each cage was strengthened at the apex and stispended 
by a cord from the galvanized wires which reinforced the netting 



of tihe enclosure. Round the lower open end of each cage a tape 
was threaded through the hem, the tape being of sufficient length 
to pass twice round the circumference of the pots and to be tied 
securely. The cages were fitted with short sleeves to admit of 
easy examination of the plants and these sleeves were tied with 
tapes when not in use. Hands of ‘tanglefoot* were placed on the 
legs of the wooden stands and on the tapes suspending the cages 
in order to exclude insects. 

1 he soil used for the experiments was a mixture of good 
soil and leaf mould and was sterilized in an autoclave for two 
hours at T25-130^C. Owing to delay in the arrival of plants for 
experiment, it was found necessary'^ to sterilize the soil again and 
this was done after an interval of about one month. I he pots 
were filled and the corms planted very shortly after the second 
sterilisation, d'he [)ots, which were new, were washed thorough¬ 
ly with a solution of copper sulphate before filling with soil. 

P'otir dozen young plantain suckers, twenty-four of Hon- 
darawakiy a varie^ty generally considered to be somewhat resistant 
to bunchy top disease, and twenty-four of Kolikiittii, a variety 
relatively susceptible to the disease, were received early in 
January 1929 from the Tissa area in the Southern Province, an 
area in which lamchy top disease has not been found to occur. 
The suckers on arrival were examined car(?fully and found to be 
free from aphids and borer. The roots were removed with a 
flamed knife and examined. Neither eel worms nor Rhizoctonia 
hataticola were found in any of the roots. vSamples of the roots 
were kept in damp chambers for a i)eri()d of six months; at the 
end of the period the roots had degenerated but Rhizoctonia 
hataticola was not found. I'he forty best suckers were selected 
and freed of all soil. They were fumigated with hydrocyanic 
acid gas and were then topped at the collar with a knife sterilized 
in flame before each cutting. I he corms were washed in a dilute 
solution of copper sulphate and planted. The planting of all 
forty plants and the fitting of the cloth cages were completed by 
January 23rd, 1929. 

The pots were arranged on the benches in four rows of ten 
plants each as illustrated in plate I, the rows from left to right of 
the illustration being as follows: 

Row I Pots numbered 1 to 10 Hondmawala 

infested (H.I.) 

Row II ,, ,, 1 to 10 Hondarawala 

control (H.C.) 

Row^ III ,, ,, 1 to 10 Kolikuttu 

infested (K.I.) 

Row IV ,, ,, 1 to 10 Kolikuttu 

. . control (K.C.) 

Examinations of the plants were made at short intervals and the 
results of these examinations are summarised in table I. It has 
been thought necessary to include only the results of those 
examinations in which changes were noted. 
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The corms were all planted by January 23rd. By March 
15th the plants, with the exception of those which failed to grow 
(Nos. I. 1, I. 7, III. 6, IV. 6 and IV. 10) were growing well. 
Search had been made for a supply of aphids from diseased plants 
but without success and it was therefore decided to cut back all 
growing plants to ground level. The knife used for the purpose 
was flame-sterilized before each operation. On April 10th a few 
aphids were obtained from some bunchy top plants. Of these 
the majority were young nymphs, but weather conditions at the 
time were such that it was deemed advisable to use these for 
infestation. Plants in rows I and III were therefore infested. 
The aphids multiplied rapidly on infested plants and on May 16th 
it was found necessary to control their numbers by a mild dose of 
calcium cyanide which was introduced into the cages containing 
control as well as infe.sted plants. As the plants grew it was 
found that the leaves came into contact with the bags and in 
order to prevent any chance f)f infection from outside, such leaves 
were cut back with a flamed knife. 

It will be seen from table I that at the beginning of July only 
two plants of the infested Hondarawala series showed any symp¬ 
toms of bunchy top disease. On July 15th a plentiful supply of 
aphids being found on a stool of definitely bunchy top plants 
growing at Peradeniya, the plants were first fumigated with a 
mild dose of calcium cyanide and then series T and III (with the 
exception of those two plants in series I which displayed positive 
disease .symptoms) were re-infested with the aphids from the 
bunchy top plants. Unfortunately the fumigant was added while 
the pots and cages were in a wet condition and some of the 
leaves were scorched. Two plants in series III w’ere scorched 
so severely that they were cut back to grbund level. One of 
these (III.7) failed to recover from the treatment. The remain¬ 
ing plants recovered and the experiment proceeded satisfactorily. 
At this stage of the experiment it was found necessary to replace 
the cages which were showing signs of rotting. The replacement 
was carried out carefully, control plants first. 

From the end of July the experiment began to give regular 
results until, at the beginning of September when the main 
experiment was concluded, all the infested Hondarawala plants 
were showing symptoms of bunchy top while seven out of eight of 
the infested KoUkuttu plants were positively infected, the remain¬ 
ing one plant being doubtful. (This plant subsequently deve¬ 
loped typical bunchy top .symptoms),. The control plants 
remained healthy. I'his main experiment therefore demonstrat¬ 
ed conclusively that bunchy top di.sease of plantains can be trans¬ 
mitted from diseased to healthy plants by the agency of the aphid 
Pentalonia nigronervosa. 
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Plates 2 and 3 give comparative photographs of infected and 
control plants. In plate 2 the lower plants were three of the 
HOfidarawala control plants; the middle plant remained small 
throughout the experiment. The middle plant of the infected 
plants was one of the two plants which showed positive infection 
in June and which subsec|uent to that date remained small and 
stunted, with marked bunching of the leaves. 

Plate 3 gives comj)arative photographs of the Kolikuttu 
series. The control plants (below) wilted temporarily on ex¬ 
posure to strong sunlight. Of the infected plants (above) the 
middle plant was a .sucker thrown up after plant III. 5 had been 
cut back consequent on fumigation scorch. It will be .seen that 
the leaves of the plants in both plates were cut back in order to 
avoid contact with cloth cages. 

The relative lack of success of the first infestation of aphids 
rendered difficult the calculation of the incubation period, i.e., 
the period w'hich elapsed after the infestation of plants with 
infested aj)hids before disease .symptoms appeared. The two 
plants (1. 5 and I. (i) which gave positive re.sults from the first 
infestation did not show definite symptoms until two months after 
infestation. This period differed from that given by Magee {loc. 
cit.) who found that the incubation period varied from 23 to 29 
days, with an average j)eriod of 25 days. A subsidiary experi 
ment was therefore initiated to determine this point. Three each 
of the healthy control plants of the two varieties were infested on 
September 9th with aphids from the infected plants. The plants 
were not kept in cages but the control plants, three of the Hon- 
darawala series and two of the Knlikiiiiu series remained healthy 
throughout the experiment. The results are given in table TI. 


Table II 


r>lant No. 

treatment 

Date of appearance 
of first symptom 

Incubation 

period 

Uoudarnwala 

il 1 

Infested 

24-10-29 

45 days 

5 

Control 


— 

6 

Infested 

7-11-29 

59 days 

8 

("ontrol 

— 

— 

9 

Infested 

12-11-29 

63 days 

10 

Control 

— 

— 

Kolikuttu 

IV 2 

Infested 

24-10-29 

45 days 

4 

do 

15-10-29 

36 days 

7 

do 

15-10-29 

86 days 

8 

Control 

— 

— 

9 

do 

— 

— 


The experiments described above were considered conclusively 
to support Magee’s results although there were slight differences 
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of detail. The experiments had for their object also the deter¬ 
mination of the extent, if any, to which root affection had a 
bearing on the problem. At the conclusion of the main experi¬ 
ment, i.e., at the beginning of September the root systems of 
four of the H ondarawala infected plants (1.2, I. 3, I. band 1.6), 
of three of the Hondarawala control plants (II. 3, II. 4 and II. 7), 
of five of the Kolikultu infested plants (HI. 1, III. 2, III. 3, 
III. 4, and III. 7) and two of the Kolikuttu control plants (IV. 1 
and IV. 3) were examined. The soil from the pots was put on to 
sheets of paper and the roots separated therefrom and washed, 
together with those cut from the base of the plants. The propor¬ 
tion of dead to healthy roots was very small and in no root were 
found either Rhizocionia halaiicola or eelworms. Plant III. 7, 
which was one of those that had made no growth at all, was found 
to consist of the empty skin of the conn the remainder having 
rotted away completely. In order to conlirm the above observa¬ 
tions a few of the roots of each plant were kept in damp chambers 
in order that, if Rhizocionia halaiicola were present, the sclerotia 
might develop, d hey were examined after three months with 
negative results. 

During the earlier stages of the experiments a mottling of 
the leaves of all plants were observ('d. T he areas of lamina 
between the veins became yellowish. It was thought that the 
unnatural conditions of growth, combined with the effects of 
fumigation might be res|)onsible. I'wo of the control plants, one 
of each variety (plants II. 3 and IV. 5) were taken out of the 
cages and planted in the open on July 20th. both these plants 
showed the mottling but leaves which developed subsequently 
were normal and healthy. The mottling was therefore attributed 
to the effect of the conditions under which the plants were grown. 

DISCUSSION OF RESULTS 

The experiments described in this [)aper have demonstrated 
clearly that bunchy toj) disease of plantains is a disease which can 
be transmitted from diseased to healthy plants by the aphid 
Penlalonia nigronervoya. Seeing that the aphid may be found 
on almost every plantain sucker at .some stage in its existence it 
is to be assumed that the aphid itself is not the only agent con¬ 
cerned with the disease. Proof of this has not been sought in 
Ceylon but Magee (loc. cii.) showed that aphids when trans¬ 
ferred from healthy plants to healthy plants did not cause the 
disease. This fact and the symptoms exhibited by the diseased 
plants place it in the class of virus diseases. 

Two varieties of plantain were used for the experiments, 
Hondarawala and Kolikuttu. These were chosen as the former 
variety is reputed (without statistical evidence) to be relatively 
resistant and the latter relatively susceptible to the disease. The 
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results obtained, i.c., 100 per cent infection in each variety, gave 
no indication of relative immunity or resistance. The small 
subsidiary experiment, in which three [)lants of each variety were 
used, indicated that there was a difference in the incubation period 
in the two varieties. The plants of the reputedly more suscep¬ 
tible variety, Kolikiiitu, developed bunchy top symptoms 45 days, 
36 days and 36 days re.spectively after infestation with infective 
aphids, the average being 31) days. The [)lants of the Hondura- 
wala variety displayed bunchy top symptoms 45 days, 59 days 
and 63 days respectively after infestation, the average incubation 
{)eriod being 55| days, d'he number of plants being so small, 
these, figures cannot he taken as concitisive but they indicate a 
difference between the two varieties which may have given rise 
to the impression of relative susceptibility and resistance. None 
of the figures for the period of incubation were as low' as those 
obtained by Magee, {loc. cii.) in Australia. He used Cavendish 
bananas for his experiments and obtained ligures varying from 
23 to 29 days with an av erage of 25 days for 20 plants. It would 
appear probalde therefore that the incubation period may differ 
w'ith different varieties ami it is also possible that th'e conditions 
under which the plants are grown will have an effect on this 
period. 

With regard to the association f)f root disea.se with bunchy 
top disease suggested by .'^mall {lor. cii.), the absence of root 
decay in the rriots of suckers examined ])rior to the experiments, 
the tise of sterilized soil and the failure' to find either Khizoclonia 
hatalicola or eelworms in the roots of the plants at the conclusion 
of the experiments may be considered to have eliminated the root 
factor from the experiments under review. It is concluded that, 
in Ceylon, bunchy top di.sea.se of plantains can be caused liy a 
virus disease transmitted by infective aphids w'ithout the pre¬ 
vious action of .some root-destrov’ing organism which might affect 
the vitality of the [)lant and render it more susceptible. It is still 
conceivable that in Ceylon there is a root di.sease which is charac¬ 
terised by' symptoms similar to those displayed by bunchy' top 
di.sease. It would be necessary' to attack the problem from 
another angle, i.e., to endeavour to reproduce symptoms through 
the agency' of root parasites alone or of root parasites in conjunc¬ 
tion with non-infective aphids, to determine if bunchy toj) symp¬ 
toms can be caused by these factors also. Extensive experi¬ 
ments would be necessary before the question could be decided 
and it may be significant that Rhizoclonia hatalicola, eelworms and 
aphids have all been found on healthy plants under natural 
conditions. 

Fahmy working in Egypt, described a disease v'ery 
similar to, if not indistinguishable from, bunchy top disease which 
he attributed to eelwonn infection of the roots. It would be 
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interesting, in view of our present knowledge, if a search for 
Pentalonia nigronervosa were made in Egypt and experiments 
set up to determine the possibility of the responsibility of a virus 
infection there also. 

CONTROL 


The systemic nature of bunchy top disease and our imper¬ 
fect knowledge of the nature of virus tliseases render impossible 
direct control measures, i.e., prophylactic measures against the 
virus itself. Again, the aphid which has been shown to transmit 
the disease is difficult to control under field conditions; spraying 
is impracticable owing to the fact that the aphids usually occupy 
such po.sitions between the closely adherent leaf-sheaths of the 
pseudostems that it is most difficult to bring insecticides into 
contact with them by spraying. In a well-cultivated garden in 
which bunchy top disease occurs only infrequently the proportion 
of infective to normal aphids must be exlre’nely low and this 
furni.shes another argument against attempts to control the 
disease by controlling the aphid. There remains therefore only 
indirect control which can be eflected by exchision and eradica¬ 
tion. Plantain-growing districts in which the disease does not 
occur will be kept free from bunchy top only by complete exclu¬ 
sion of plantain material from infected areas. The effects of the 
disease in other districts in (T^ylon should provide an object 
lesson sufficiently strikintr to plantain-growers in free areas, e.g., 
Tissa, to prevent them from importing plantain material frorri 
other free areas except under specal conditions. 


In view of what has been stated above the treatment of areas 
m which bunchy top occurs must consist in eradication. This 
niay be effected in two ways, either by the complete eradication 
of diseased and healthy plants in affected areas or by the removal 
and destruction of diseased plants only. The former method 
would appear to have theoretical advantages and has been 
attempted in Au.straHa. In that countrv two di.stricts were com¬ 
pletely cleared of banana plants and so retained for a period of 
eighteen months after which they were replanted. The nearest 
banana-growing district was nine miles distant and in this district 
the di.sease was treated by periodical inspection and the removal 
of diseased plants. The two districts which had been completely 
cleared became re-infested, although only to a very slight extent 
and it is to be assumed that the neighbouring district, although 
nine rniles distant, w'as responsible for the re-infestation These 
experiments point unmistakably to the fact that total eradication 
of the disease can only be attained by the complete clearing of all 
infected plantations and gardens within a large area. In Cevlon 
this would mean that all plantains in the Island, with the excep¬ 
tion of plantains m districts such as Tissa in which the diseai 
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does not occur, would have to be destroyed and replanting prohi¬ 
bited for a period of at least one year and probably longer. In a 
country in which the growing of plantains is so general as it is in 
Ceylon this policy would be practically impossible since the cost 
of enforcing eradication would be out of all proportion to the 
amount of money which would be saved as a result of eradication 
of the disease. 

I'herc remains therefore treatment by n nmval of diseased 
plants as they appear, bhis method has its disadvantages since 
the disease is [)resent in plants for some time before outward 
symptoms are displayed. Nevertheless, if the disease is dis¬ 
covered in the early stages and prompt control measures are 
undertaken it should be [)ossible to reduce the incidence of the 
disease to such an extent that the damage caused by it would be 
of little practical importance. The first essential for successful 
treatment by this method is the recognition of the early stages of 
the disease. For that reason the first symptoms as described by 
Magee have been quoted at some length in this {taper. The 
streaking which is found in the leaves of (tlants in an qarly stage 
of infection is tyjtical and once apprecia.ted renders diagnosis 
relatively simple. It is necessary to examine only the youngest 
leaves of a|)|)arently herdthy jilants for the streaking and routine 
insfiections are therefore not unduly laborious. 

d'he nature of the disea.se is such that, if any one sucker of 
a stool is infected, the infective jirincifile or virus may [lass to all 
the other suckers or filants in that stool. It is therefore not 
sufficient to remove only the sucker which is obviously infected 
since the remaining conqionent plants of the stool will serve as 
centres from w'hich infection may he carried to neighbouring 
healthy stools. It is most important that, when a sucker is found 
to be infected, the whole of the stool he destroyed. It is false 
economy to leave j)arts of the stool in the hope that a bunch or 
bunches will he produced. In a certain small percentage of ca.ses 
in which infected suckers have been cut out early enough, this 
may succeed. The risk of leaving infected portions is, howiwer, 
so great that conqilete eradication of the whole stool "containing 
infected suckers is the only safe form of treatment. 

The disposal of diseased plants is best acco uplished by 
cutting them up into small pieces and allowing them to dry, after 
which they may be burned or buried. The plantain stem and 
corm is soft and the most satisfactory method of rutting would 
appear to be into thin longitudinal slices which would dry rapidly. 
Once dried burial provides an adequate method of disposal. 

If a strain of plantains immune to bunchy top di.sease could 
be found, the growth of immune plants only would solve the 
problem of control of the disease. Unfortunately no completely 
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immune strain has been discovered in Ceylon and the 6xperi-. 
ments detailed above indicate that apparently resistant strains 
may be completely susceptible. The period of incubation, i.e., 
the period which elapses after infection before symptoms of the 
disease appear, may vary in different strains and, as has been 
suggested above, this may lead to apparent variations in suscep¬ 
tibility. It is reported that a strain of bananas highly resistant 
to the disease is grown in Fiji but published results of tests with 
that strain under controlled conditions have not been seen. 


SUMMARY 

1. A short review of bunchy top disease of plantains in 
Ceylon is given. Symptoms are described. 

2. Experiments are described which were set up to deter¬ 
mine whether bunchy top disease of plantains in Ceylon is similar 
to that in Australia, i.e., a virus di.sease transmitted by aphids, 
and also to determine whether root disease is associated with 
bunchy top. 

3. Two local varieties of plantains were used, Hondara- 
wala, a variety considered to be somewhat resistant to bunchy top 
disease, and Kolikutlu, a very susceptible variety. 

4. The experiments demonstrated conclusively that bunchy 
top disease is transmitted from diseased to healthy plants by the 
banana aphis, Pentalonia nigronervosa. Root examinations indi¬ 
cated that root disease was not necessarily a factor in the causa¬ 
tion of the disease. 

5. A subsidiary experirfient indicated that apparent differ¬ 
ences of susceptibility may be as.sociated with variations in the 
length of the period between infection and the display of symp¬ 
toms of the disease by plants of different varieties. 

6. Methods of control are discussed. It is suggested that, 
for Ceylon conditions, the most satisfactory method of control is 
the periodical examination of plants and the complete eradication 
of the whole stools in which symptoms of the disease appear. 
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T his handsome evergreen epiphyte belongs to a large and 
well-known group of Orchids comprising several hun¬ 
dred species and varieties distributed at various eleva¬ 
tions (}ver a large area of the Eastern hemisphere, 
particularly in India, Nef)al, Burma, japan and the Malay 
Archipelago. The genus is widely distributed and in habit its 
species show great variation, some being very small and incons¬ 
picuous. while others are surpassed in size and beauty only by a 
few species in the Orchid family. 

Dendrohium dcfisiflonini was first introduced into Ceylon 
about the year 1899 and has since become very popular as an 
ornamental plant amongst amateur hf)rticulturists. 

By nature the plant has a tendency to grow in a compact 
form with several stems, the latter being clavate horny, leafy at 
the apex and about 12-18 inches high, d'he nodes of the stem 
are beautifully circled by yellow rings. The leaves are oblong 
acute, nervous. The Howers are very handsome, orange yellow, 
fragrant, produced in drooping pendulous racemes from the 
upper joints of the stem. .Soon after the spell of dry weather 
the plants usually produce flowers from about April to June. Old 
and well-established plants are capable of putting forth as many 
as six to eight flower spikes at a time, but the flowers, unlike 
those in most other varieties are .short lived, existing for a period 
of not more than 10 to \f) days. 

The plant being a strong growing and hardy one can be 
easily cultivated at almost all elevations in Ceylon. An estab¬ 
lished plant should not be disturbed unless it has overgrown the 
receptacle, or the compost has been exhausted and impoverished. 
In any case the plant should only be repotted when in a resting 
state. Perforated pots or wooden baskets are admirably suited 
for it but even on .sections of wood and tree fern trunks, (as seen 
in the accompanying picture) it can be grown to satisfaction. 
For plants cultivated in receptacles, a compost made up of equal 
parts of charcoal, honemeal, chopped coconut fibre, moss or half- 
decayed leaves, (or Asplenium roots) will make a suitable rooting 
medium. When grown on sections of wood or fern trunks 
(Alsophih or Hemitelia) nothing more than a little Sphairnum, 
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or green moss, or coconut fibre, is required for tying up but it is 
best to insert a little of the above compost in a semi-pulverised 
state over and beneath the roots. Propagation is easily effected 
by divisions of the plant as stem suckers are rarely produced. 
The pot or basket should be gradually filled, first with the larger 
pieces of the compost over the drainage material at the bottom 
of the pot, and then with the finer stuff to within about 2 inches 
f)f the rim. T he plant should be placed in the middle of the pot 
care being taken to spread the roots which should finally he 
covered with about an inch of the compost. At this stage the 
plant should be kejit in fiosition by tying the stems to some sticks 
driven into the comfiost. A few good soakings of water will be 
necessary during the first week and the quantity of water should 
be reduced gradually and given only when the compost appears 
dry. The newly-potted plants will require ample shade for at 
least six to eight weeks, after which all those that are growing 
and making headw'ay should be removed to a place where more 
light and air can reach them, so as to afford them a slightly drier 
condition, but care should be taken not to allow the young plants 
to suffer from dryness as the roots are very active at this stage 
and any check received will retard the free growth of the plant. 

During dry weather in addition to the afternoon watering, 
syringing may be resorted to both morning and afternoon in order 
to keep the foliage green and to prevent undue shrivelling of the 
pseudo-bulbs. On the completion of growth or when the plant 
becomes well established tw'o good waterings a week will be suffi¬ 
cient, hut the .syringing may be continued regularly during fine 
weather. Plants in bloom should not be wet but should be kept 
in a cool dry place until flowering is past. 
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CONTRIBUTIONS FROM THE RUBBER 
RESEARCH SCHEME, CEYLON 


TERMITES ATTACKING HEVEA 
BRASILIENSIS IN CEYLON 

F. P. JEPSON, M.A., 

ACTING ENTOMOLOGIST, 

DEPARTMENT OF AGRICULTURE, CEYLON 

T he somewhat formidahle number of serious diseases of 
Ilevea brnsiliensis in Ceylon has been compensated for, 
to some extent, by an almost entire absence of insect 
pests of this tree. The few local insects which have 
been associated with Hevea in the past are of minor importance 
and their occurrence is so occasional, and so rarely reported, that 
they cannot be regarded as pests of any significance. 

It has always been considered a matter for congratulation 
that Ceylon rubber estates enjoyed immunity from the attacks of 
termites, especially in view of the important status of these pests 
on rubber estates in Malaya and the Dutch East Indies. 

In the past, records of these insects being associated with 
Hevea in Ceylon appeared to be confined to dead or diseased 
trees and it was assumed that the termites were not pests of 
primary im))ortance. (d Unfortunately, this view' can no longer 
be entertained and there is rea.son to believe that the concern 
with which these pests have been regarded by the tea |)lanter for 
many years must, in future, be shared by the rubber planter also. 

WHAT TERMITES ARE 

It might be advisable, at this stage, to explain briefly what 
termites are. T hey are better known as “w'hitc-ants,” but 
belong to the insect order I.so|)tera ami are in no way related to 
the true ants (Hymenoptera). The term “w'hite-ants” is an 
unfortunate one and has led to much confusion. Their more 
correct name, termites, is preferable. Termites may, for all 
practical purposes, be grouped into two classes, depending upon 
whether they nest in the soil, or above it in trees and timber. 

Those which nest in the soil usually exist in large .societies 
and several forms of the same insect may be present in the same 
community. In a typical colony of this type the activity of the 
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nest centres around the royal pair, which, in the early stages of 
the society, are the original founders of the colony having been 
derived from a pair of the winged stage. When the colonising 
flight takes place, the males and females pair off, shed their 
wings and enter the soil at a suitable spot to commence the 
establishment of a new colony. Often the royal pair are 
enclosed in an earthen cell which is designated the “royal 
chamber,” or “queen cell,” and within this abode the queen 
undergoes a very considerable distention in size often attaining a 
length of 2^ inches or more. The royal pair are cared for by the 
“worker” caste, considered to be neuters incapable of further 
development. The workers feed the king and queen and remove 
the eggs, as soon as they are laid, to sites which have been 
prepared for their reception. “Soldiers,” which possess for¬ 
midable jaws which they use to advantage in defending the 
society against other insect enemies, are also present and there 
may occur nymphs, about to develop to the winged stage, or the 
winged insects themselves awaiting a suitable opportunity of 
embarking on tiheir colonizing flight. This type of soil-nesting 
termite is represented, locally, by several genera among which 
may be mentioned the mound-builders Hypotermes and Cyclo- 
termes, and Termes, Leucolermes and Coptotermes which erect 
no superstructure above their nests. More will be said of 
Coptotermes later. 

The termites which nest above the soil in trees, building 
woodwork and other situations also commence tiheir colonies 
from winged stages but the queen undergoes little increase in 
size. There is no worker caste, all individuals, with the excep¬ 
tion of the soldiers, being destined to develop to reproductive 
adults either with, or without, wings. Usually the latter type of 
adult is produced only in the absence of one, or both, of the true 
royalties. The colonies produced by this class of termite are 
small when compared with those formed by the ground-nesting 
types. The local representatives of this group are species which 
belong to the sub-genera Calotermes., Neotermes, Glyptotermes, 
Cryptotermes and Planocryptotermes of the genus Calotermes, 
and many species are very serious pests of economic crops in the 
Island. 

Figures of larvae, a soldier and a winged adult of C. {Glyp¬ 
totermes) dilatatus, which may be considered typical of this group 
of termites, are shown in Plate I, 
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Plate I. Calotermes (Glyptotermes) dilatatus 

Kig. 1. First stage larva X JO. Fig. 3. Soldier X 10. 

Fig. 2. Full-grown larva X 10. Fig. 4. Winged adult X 10. 

The determination of different species of termites is usually 
made by an examination of the “soldier” caste. The heads of 
the soldiers are hard and chitinous, pale, or dark, brown in colour 
and furnished with prominent mandibles. The arrangement of 
the processes, or “teeth,” on the inner margins of the mandibles 
is an important specific character. The heads of the soldiers of 





t^he species discussed in this article are illustrated in Plate II. A 
character which at once distinguishes the genus Coptotermes is 
the possession of a pore situated, anteriorly, on the upper surface 
of the head and from which a drop of milky-white fluid is ejected 
if the insect is on the defensive. The gland may be seen in the 
specimen illustrated in Plate II, fig. 1. 



Plate II. Heads of soldiers of termites which attack Hevea 

Fig. 1. Coptotermri, ccylonhus X 15. Fig. 3. Calotermcs {Glyptotermes) dilatatua 
Fig. 2. Calotetmes (Ncotermes) greem X 15. 

X tS. Fig. 4. Caloteimea {Glyptotermes) cty*- 

lonicus X 15, 
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If living termites are found to attack a rubber tree under 
circumstances in which no external, or internal, communication 
with the soil is maintained, the insects are, almost certainly, a 
species of Caloternies. If, on the other hand, there is definite 
communication with the soil, such as by runways up the stem, 
the species will probably be found to belong to the genus 
Coptotermes. 

It should not be assumed, however, that any termites which 
travel up the main stems of the trees beneath the protection of 
earth-like coverings are injurious as many soil-nesting species 
behave in this manner and feed only on loose flakes of bark 
without actually penetrating the cortex to the wood. At the same 
time these coverings of earth, sometimes enveloping the entire 
stem some way up the tree, are not desirable and should be 
removed by the tappers. The only permanent method of pre¬ 
venting their recurrence is to locate the nests and destroy them 
by injecting j)etrol or carbon-bisulphide, or by fumigating the 
central nests with arsenic and sulphur fumes, calcium cyanide or 
other preparation. 

CALOTERMES 

In August 1020, a termite which is a very prominent pe.st of 
tea on many low-country estates, Caloicnnes (Glyptolcrmcs) 
dilaiatus, was found invading the sound wood of a Hevea tree on 
an estate at Ingiriya in the Kalutara district under such circum¬ 
stances as to suggest that, given a suitable point of entry, 
termites of this genus were capable of causing extensive injury 
leading to the ultimate death of attacked trees. In this case the 
original invasion of the tree appeared to have been made at a 
spot affected by Ustnlina and there was no doubt that the young 
colony had originated from a winged pair of adults which had 
alighted on this spot and effected an entry through the diseased 
tissue which would present little obstruction to their pa.ssage, the 
young eventually penetrating from this centre to the heartwood 
of the tree. 

Four months later another record was received from an 
estate in the Ratnapura district, only in this case the species was 
Calotermcs {Ncotermes) greem, also a pest of tea and of many 
trees, particularly Grevillea rohusta in many parts of the Island. 
This species has been collected at various centres from sea level 
to about 5,000 feet elevation and .as wide ap<art as the Southern 
and Northern Provinces. The facts of this invasion, which was 
extensive, left no doubt as to the potentiality of Calotermcs as a 
major pest of Hcvea, under certain circumstances. The entry 
to this tree had been effected through the decayed end of a bran<'h 
which had probably been snaf)[)ed by wind or other agency. The 
galleries extended down this dead limb to, and into, the main 



Plate III. Branch of Hevea split open to 
show galleries formed by 
Caloterm^s (Neotermes) greeni. 
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The circumstances under which earlier records of termite 
association with Hevea had been made were then investigated. 
Only one case of Calotermes invasion was forthcoming, from the 
Elpitiya district, but in this case the tree was dead and only a 
stump about 9 feet high remained. This was riddled from the 
top to the roots by two species of Calotermes, viz. C. {Glypto- 
termes) dilatatus and C. (Glyptotermes) ceylonicus. It was 
impossible to decide at the time of this record whether these 
termites had caused the death of the tree or had invaded it sub¬ 
sequent to its decay, but in view of more recent records it is very 
probable that the death of the tree was directly due to the attacks 
of these insects. 

In January 1930 a further ca.se was reported from the same 
estate in the Ratnapura district referred to above, only in this 
case the species was C. {Glyptotermes) dilatatus and there was 
evidence that entry had been effected through a broken branch 
attacked by Ustulina. The galleries formed in this branch by 
this .species are shown in Plate IV. In March of the same year 
two Hevea trees in the Heneratgoda Gardens, Nos. 108 and 142 
planted in Plantation No. 2 in 1887, were found to be attacked 
by C. {Neolermes) greeni and here, also, entry was made through 
decayed limbs. 
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During April of the present year, in the Peradeniya district, 
the stump of a dead Hevea tree was found to hacbour a colony 
of C. {Glyptotermes) ceylomctis the species which had been 
found previously in the Pdpitiya district in 1925. The stump in 
question was affected by I.Jstulma but the [)revious history of the 
tree is unknown. In this case the colony was confined to the 
base of the stump and it is possible that termite entry occurred 
subsequent to the death of the tree. 

It will be noted tihat in three of the above records the 
attacked trees were also affected by Ustulina and it is very 
probable that the decayed wood beneath the rotten bark where 
the disease occurred provided the winged termites with the 
opportunity they sought, and required, of gaining access to the 
heart wood of the trees. In the other ca.ses the decay of 
fractured branches served the same purpose. In the absence of 
such essential points of entry it is considered that no species of 
Calotervies, in the winged adult state, could become established 
in Hevea trees and the prevention of attack is, consequently, 
dej)endent upon attention being directed to these points, 
Ustulina patches being treated and the factors which favour the 
develo{)nient of this disea.se being eliminated so far as is possible. 
Branches which have been broken by wind or other agencies 
should be pruned back to the stem from which they arise and the 
cut surfaces treated with a suitable wound dressing. 

Where Caloiermes colonies are located in the wood of grow¬ 
ing trees they may be destroyed by injecting Paris Green into the 
active termite workings. 1 he simplest method of giving effect 
to this operation is to bore a 5/T() in. hole into the occupied 
galleries with a gimlet or auger and pump in the Paris Green 
powder by means of a rubber blower. An enema syringe of ball 
pattern and adult size is a very convenient article for this purpose 
and is cheap and procurable at any druggist’s store. The bored 
hole should allow of the tapering nozzle of the syringe fitting 
tightly when introduced, to avoid a blow-back of the powder. 
I'he hole should be finally plugged with cement, asphaltum, tar 
and sand or other efficient seal and the surface neatly smoothed 
over with the finger. A little grease or oil applied to the finger 
will prevent the tar or asphaltum adhering. 

COPTOTERMES 

In 1927 a young Hevea stump was found to be attacked on 
an estate in the Ratnapura district by a ground-nesting termite 
which proved to be Copioiermes ceylonicus. It was the only 
case reported and it was thought at the time that the termites 
might have followed a fungus disease. 
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In March 1930, in connection with the treatment, at the 
Heneratgoda Botanic Gardens, of two old rubber trees for 
Ustulina, it was found that they had been completely hollowed 
out by Coptotermes ceylonicus. The trees in question are 
No. 24, in Plantation No. 1, planted in 1877 and No. 124, in 
Plantation No. 2, planted in 1886. The former tree has grown 
from one of the original Hevea seeds brought from the Amazon 
Valley by Sir Henry Wickham in 1876 and germinated at tihe 
Royal Botanic Gardens, Kew; before being sent to Ceylon. The 
tree is, consequently, of considerable historical interest. The 
tree is a large one being 8 feet in circumference one foot above 
ground level and 6^ feet at a height of 3 feet from the ground. 
The tree has been completely hollowed to a height of 15 feet or 
more above soil level and the thickness of the remaining wood, 
surrounding the cavity, is not more than from to 2 inches. 
The tree is apparently sound externally except for a hole at the 
base which penetrates to the central cavity, anil the foliage is 
normal. It is reported that there has been no appreciable, dimu¬ 
nition in yield of latex. Tree No. 124 is similarly attacked. 

On looking up old records it was learnt that workers, 
soldiers, nymphs and adults of Coptotermes ceylonicus were 
collected from a Hevea tree in the Heneratgoda Gardens in 1909 
but other details are lacking. No mention is made of this record 
by Petch who was the collector of the specimens and it may be 
concluded that there was no reason, at the time, for regarding 
the insects as being responsible'^for direct injury to the tree from 
which they were taken. 

In the section of the work referred to Petch states that 
termites are not pests of rubber in Ceylon as they are in Malaya, 
Java and Sumatra and explains this fact by the absence from 
Ceylon of Coptotermes gestroi, the notorious rubber termite of 
the latter countries. While this is true, the same genus is 
represented in Ceylon by two known species C. ceylonicus and 
C. exiguus and they are capable of behaving in precisely the same 
manner as their better known relative. They are both serious 
pests of living tea bushes in the low-country districts of Ceylon 
and the former has also been known to excavate the base of 
coconut palms in addition to other trees. The instances men¬ 
tioned above also indicate that C. ceylonicus is capable of hollow- 
ing-out large Hevea trees and thus may threaten to earn for 
itself the same reputation as a major pest of rubber in Ceylon as 
its near relative has already done further East. Stages of this 
species are illustrated in Plate V. 



Plate V. Coptotermes ceylonicus 


Pig. 1. Soldier X 10. 

Fig. 2. Pull-grown worker X 10 
Fig. 3. Winged adult X 10. 
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The habits of the genus Coptotermes are, by no means, fully 
understood. It is believed that they usually enter their host- 
plants underground, through the roots, but their presence is 
rarely detected until very extensive excavation of the wood has 
taken place. The first indication of infestation may be the 
collapse of the attacked trees in wet weather and during high 
winds. One recent instance has been observed by the writer 
which indicated that Coptotermes ceylonicus was commencing to 
excavate a large Albizzia tree from above and not from below the 
soil. The infestation had apparently commenced at the base 
of a decayed branch about 15-20 feet from the ground and com¬ 
munication was being maintained with the soil beneath the pro¬ 
tection of covered runways, d he tree was sawn across 18 inches 
above soil level and there was no sign of any internal communica¬ 
tion with a ground nest. .Similar runways were observed on the 
outside of the trunk of a neighbouring tree of the same species, 
the objective again being a decayed branch. If extensive down¬ 
ward excavation of the type noted was allowed to continue undis¬ 
turbed, the soil would eventually be reached and thus communi¬ 
cation with the main soil ne.st would be established, when the 
previous external means of communication could be dispensed 
with. It should be mentioned that, so far as is at pre.sent known, 
Coptotermes is incapable of founding colonies in situations which 
are not immediately connected with the soil, and if such com¬ 
munication is interrupted the insects which are cut off from their 
bases must perish. Coptotermes is however, capable of surviv¬ 
ing, if conditions are sufficiently moist, for a very much longer 
period when cut off in this manner than certain soil-nesting 
species of other genera, viz. Termes, Cyclotermes and 
Hypotermes. 

It would appear, therefore, that Coptotermes may enter 
living trees in two ways. Entry through the roots cannot be 
prevented, but the absence of ratting snags will certainly reduce 
the danger of entry by the second method. All broken branches 
should be taken back to the point from which they arise on the 
larger branches, or even main stem when necessary, and the 
pruned surfaces .suitably treated. 

The species of Coptotermes are known to ne.st below the soil 
and the stumps of trees and buried logs form favourite centres 
for the headquarters of colonies. As in the case of other soil¬ 
nesting species the queen is a considerably distended individual, 
the enlargement being mainly in the abdominal region. Journeys 
of considerable extent are undertaken from the central nests and 
are said to have been traced for as great a distance as 100 yards. 
Under these circumstances attempts to destroy the insects under 
ground are valueless unless the central nests can be located and 
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this appears to be an extremely difficult undertaking. Further 
investigation regarding the most practical and economic methods 
of destroying the central nests is required. The removal of tree 
stumps from cultivated areas will certainly assist in reducing the 
points at which the formation of new colonies may commence and 
the operation is desirable for other reasims also as they are 
frequently the source of root diseases. 

LOCAL DISTRIBUTION OF TERMITES 
KNOWN TO ATTACK HEVEA 

The purpose (jf this article being to acquaint rubber planters 
with the present position in regard to this subject and to .stimu¬ 
late interest w'hich might lead to further records of termite injury 
to Hevea being received, the known distribution in the Island of 
the termites referred to in the foregoing pages may be included 
with advantage. It is not suggested that these species do not 
occur in districts excluded from the following lists. The lists 
have been compiled from authentic records only and the distribu¬ 
tion as given here is complete .so far as it is known at the present 
time, but it is certain to be extended very considerably in the 
future. 

Calotermes {(Uyptotenncs) ceylonictis. —Elpitiya, Hewaheta 
and Peradeniya. 

Caloiermes {Glypioternies) dilatatus. —Ambalatigoda, Avissn- 
wella, Balangoda, Chilaw, Deniyaya, Elpitiya, Galaha, Galle, 
Gampola. Horana, Ingiriya, Kadugannawa, Katugastota, 
Kegalle, Kiriella, Matugama, Opanake, Pelmadulla, Pera¬ 
deniya, Ratnapura, Udugama and Yatiyantota. 

Calotermes (Neotermes) greeni. —Ambalangoda, Avissa- 
wella, Badulla, Balangoda, Bandarawela, Bogawantalawa, 
Galaha, Crampola, Crampaha, Jaffna, Kadugannawa, Maskeliya, 
Peradeniya, Ratnapura, Rattota, Wattegama and Yatiyantota. 

Coptoiermes ceylonicus. —Ambalangoda, Avissawella, Balan¬ 
goda, Chilaw, Colombo, Elpitiya, fiampaha, Gampola, Jaffna, 
Lindula, Maha-iluppalama, Matale, Matugama, Nawalapitiya, 
Pelmadulla, Peradeniya, Polgahawela. Puttalam and Rattota. 

Althougih the other knowm local species of Coptoiermes, 
C. exic^tius, has not been found in Hevea it behaves in a manner 
precisely the same as that of C. ceylonicus from which it is not 
easily distinguished. This species has been found at Avissa¬ 
wella, Galaha, Kiriella, Peradeniya and Ratnapura. Similarly, 
the .serious up-country tea termite Calotermes (Neotermes) 
militaris has not been found in rubber, but it has been collected 
from both tea and dadap on certain estates, or in districts, where 
rubber is grown. These districts are Deniyaya, Kadugannawa, 
Madulkelle, Rattota and Ratnapura. The distribution for other 
localities in which rubber is not grown is not included. 
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Further records of termites attacking Hevea will be 
welcomed. Specimens for identification, preserved in alcohol, 
or actually inhabiting the wood in which they are found, should 
be sent to the Entomological Division, Department of Agricul¬ 
ture, Peradeniya. Particular care should be taken, in all cases, 
to include specimens of the soldiers which, although not numer¬ 
ous, are present in most termite communities of any size and 
their conspicuous appearance cannot fail to reveal their presence 
if a little exploration of the infested wood is undertaken. Brief 
notes regarding type of attack, situation in which the specimens 
were found and other points of interest would also be very 
acceptable. The quest for specimens should be particularly 
directed to decayed branches and it is anticipated that if such 
branches are cut off and split open they will, in many cases, be 
found to harbour species of Calotermea. Narrow earthen run¬ 
ways up the main stem to rotting branches suggest Coptotcrmes 
and if these runs are broken the insects can be intercepted, on 
their return journey to their soil nests, and specimens collected 
as they cross the open spaces of the broken passages. 
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A RECENT OUTBREAK OF XYLARIA 
THWAITESII ROOT DISEASE 

R. K. S. MURRAY. A.R.C.SC., 

MYCOLOGIST. 

RUBBER RESEARCH SCHEME. CEYLON 

Occurrence in Ceylon.—Xylaria Thwaiicm, as a cause of root 
disease of Hevea in Ceylon, is of extremely rare occurrence. It 
was first recordetl in 10(0, hut since this date it has been reported 
on only tw'o or three estates. I'hrou^hout his visits to estates 
during the years 1022-1029, the Organising Secretary of the 
Rubber Research Scheme observed the disease on only one 
occasion. In May lOllO the writer visited an estate in Kegalle 
on which a number of trees attacked by Xylnria was found. It is 
of interest to note that so far as is known all the recorded cases of 
this di.sease have occurred in the Kegalle district, so that it would 
appear that the distribution of the fungus in Ceylon is very 
limited. Xylaria Tlneaitcsii has been reported on Hevea in Java 
and Indo-China, and in the former cfiuntry is also responsible for 
a coffee disease. 

A full description is given by Fetch in the Year Book of the 
Department of Agriculture, (ieylon, (1023), from M'hich an 
account was extracted and published in Rubber Research Scheme 
Quarterly Circular \’nl. 1, Fart 3, 1924. .Since certain features 
which were observed in the recent outbreak have not been 
previously recorded, it was thotight that a further description of 
the disea.se might be of interest to planters. 

Symptoms. —The external mycelium of the fungus is 
represented by Hat irregular bands of variable width on the 
surface of affected roots. These are white when young and are 
thus seen on the growing margin of the mycelium. They soon, 
however, become black and form an extensive netw’ork over the 
root, the bands coalescing in places to form irregular black 
patches. In this condition the external appearance is somewhat 
similar to an advanced case of “brown root” disease. 

The inner cortex is yellow'ish-browm in colour,' and friable. 
Where the tap root or a large lateral is attacked latex is often 
found to have exuded from the cortex in numerous places and 
formed large lumps of black scrap. 

In advanced cases tjie appearance of the wood of diseased 
roots is quite characteristic. On splitting the roots longitudinally 
the central region is sometimes found to be greyish-brown in 
colour, the wood being hard yet moist. 7'his region may be 
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delimited by a black line from the outer wood which is yellowish- 
brown in colour and somewhat more decayed. It is noteworthy 
that the wood remains quite hard until the final stages of decay. 
1 he extreme wetness of thoroughly diseased roots is a striking 
feature; on brCciking a root w'ater will often spurt into the face. 
This combination of hardness and wetness is quite distinct from 
the effect produced by any of the other root fungi. 

On the estate in question there were more than 10 separate 
areas of infection, involving, in all, a large number of trees. In 
some trees only the lateral roots were affected, while in others 
the disease had spread to the tap root. None of the diseased 
trees had yet been killed, and the writer did not see any marked 
effect on the foliage. The rot of the roots is, however, quite 
complete and there is no doubt that affected trees would succumb 
in the course of time. The fungus appears to spread very 
slowly, and in this respect is probably comparable to Fames 
lamaoensis, the cause of “brown root’’ disease. 

The fungus will apparently not attack exposed portions ot 
roots. Where an affected root comes to the surface the portion 
lying on and under the ground is diseased while the upper part 
exposed to the air is ouite healthy. The margin of the diseased 
tissues is sharply delimited and becomes marked by a line of 
callus growth from the healthy portion. It is along this line, i.e., 
where a diseased root comes to the surface, that the fructifications 
were mostly found. 

Fruchfication .—The fructification consists of a cluster of club- 
shaped growths arising from d basal mass. Three or four stout 
stalks arise which may divide into numerous finger-like protu¬ 
berances. When found in the field the “clubs’’ are usually a dirty 
white at the extremity, darkening in colour down to the base. 
Subsequently they turn black. The fructification is usually one 
to three inches in height, and the basal mass about two inches in 
diameter. Photograf)hs of fructifications are shown in Rubber 
Research Scheme Quarterly Circular Vol. 1, Part 3, 1924. 

When mature the utnier f)art of the club-shaped stroma hears 
perithecia containing spores. Although no mature fructifications 
were found on the estate it is thought that fresh cases of infection 
.are caused by wind dispersal of the spores. 

Control .—The control measures to be adopted are. the .same 
as for other root diseases. The disease should be followed out 
to its furthest extremity in every direction, all affected roots taken 
from the ground and burned in situ, and an isolation trench dug 
outside the affected area. Trees on the margin of the diseased 
area having a few lateral roots affected may often be saved by 
amputating the diseased portions and tarring the wound. 

On the estate visited over 100 trees have been treated and 
the spread of the disease has apparently been checked. 
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SOME COMMON PESTS AND DISEASES 
OF YOUNG HEVEA BUDDINGS 


R. K. S. MURRAY, A.R.C.SC., 
MYCOLOGIST. 

RUBBER RESEARCH SCHEME, CEYLON 


T he recent increase in the use of valuable bud-grafted 
material has focussed attention on the ailments to which 
young shoots are liable. In the last few months many 
specimens of young bud-sboots have been received from 
estates with enquiries as to the most effective method of dealing 
with the pest or disease in question. The following note 
summarises the advice given. It is not an exhaustive list of the 
ailments which may appear in the budwood nursery, but deals 
only with those considered to be of importance. 

Pests .—Amongst the various animals which attack young 
plants mites are the most important, and under certain conditions 
they may become a serious pest in nurseries. When an immature 
leaflet is attacked it becomes irregularly twisted and distorted 
and bears a strong resemblance to Oidium attack. Very young 
leaves may fall. The mites are usually found on the under side 
of the leaves, though often only their white cast-off skins are 
seen. With a lens the puncture holes in the epidermis, through 
which the cell sap is .sucked, may be seen. Mites are often 
found in association with Oidium and other leaf-spotting fungi. 

Mites are mostly to be fean'd in dry weather. Efficient 
control can then be secured by periodical dusting with the finest 
sulphur powder obtainable. Several makes of hand dusters 
suitable for use in nurseries are on the market. Alternatively 
sulphur can be applied by beating on a linen bag in which the 
powder is loosely contained. This method, however, is far less 
satisfactory since it is difficult to project the sulphur on to the 
under surface of the leaf where it is most required. 

Slugs are often found to eat off the young terminal shoot. 
In the daytime it is usually possible to find the slugs underneath 
stones, etc. They may be to some extent discouraged by 
periodically dusting with smokehouse ashes, and by putting a 
harrier ring of ashes on the ground round each plant. 

Lizards also give trouble by eating off the terminal bud, 
though they are seldom sufficiently serious to warrant special 
protective measures. It is probable that all animals such as 
lizards and slugs which attack young rubber shoots are to some 
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extent controlled by tihe application of any sulphur or copper 
fungicides which may be made in the control of the more serious 
affections. 

Diseases.—Oidiutn may make its appearance in the bud- 
wood nursery. The .symptoms of this disease are now too 
familiar to need further description, and can only be confused 
with an attack by mites. In common with the latter pest Oidium 
can be controlled by dusting with sulphur powder. Alternatively 
spraying with a solution of Sulfinette in water (1%-^%) will 
secure a fair measure of control. 

Many estates which have establi.shed budwood nurseries 
with imported material have recently experienced trouble with a 
disea.se caused by Phylophthora pahnivora. A full description of 
this disease was given in Rubber Ke.search Scheme Quarterly 
Circular V\)l. 7, Part 1, 1980. The green shoot is usually 
attacked a few inches below the extremity, though the disease 
has .sometimes been found to originate at the base of the shoot, 
apparently arising from the bud patch. The disease first appears 
as a blackish, watery-looking, sunken area on the side of the 
stem, which spreads chiefly downwards and, unless checked, 
kills back the shoot to the extent of the latest growth increment. 
Secondary fungi gain entrance to the di.sea.sed portion and may 
hasten the die-b.ick. More than one strain of the species can 
cause similar .symptoms, and it is possible that new strains may 
have been introduced with imported budwood and biulded 
stumps. 

The disease is largely depejjdent on wet weather conditions, 
and is at once checked on the advent of a dry spell. In wet 
weather a careful watch must be kept in the budwood nursery 
since under favourable conditions the fungus is extremely virulent 
and kills back the shoot in a few days. Any diseased .sboot mu.st 
be cut back well below the affected part. 

Effective control has been .secured in several nurseries by 
spraying with Bordeaux Mixture. .Since the efficiency of this 
fungicide is wholly dependent on its correct compounding the 
following instructions are given. The proportions are for a *66% 
mixture which is considered the correct strength for the purpo.se. 

Copper Sulphate ... 1 lb. 

Freshly-burned lime ... 1 lb. 

Water ... 15 gallons. 

Dissolve the copper sulphate in one gallon of water in a 
wooden or earthenware vessel. The lime is slaked gradually 
for an hour or more, made into a uniform paste with water, and 
then made up to 14 gallons in a barrel. The copper sulphate iS 
then poured into the milk of lime stirring all the while. On no 
account must iron ve.ssels be used. 
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It is essential tihat all the copper sulphate should be neutra¬ 
lised by the lime. To test this hold a bright knife blade in the 
mixture for a minute. If it is tarnished a copper red more lime 
must be added. A more delicate test consists of adding a little 
weak potas.sium ferrocyanide .solution to a few drops of Bordeaux 
Mixture in a saucer. A brown colour indicates excess of copper. 

Unless a preservative is added Bordeaux Mixture does not 
keep and must be mixed freshly immediately before use. -Since 
in the budwood nursery it will be necessary to use small quanti¬ 
ties of the fungicide at relatively frequent intervals, it is useful 
to add a pre.servative to the mixture so that it is not necessary to 
make it up freshly on each occasif)n. For this purfiose dissolve 
pure cane sugar in the copper sulphate at the rate of 1 oz. to 10 
gallons of the com[)leted mixture. The mixture may then be 
kept in a covered receptacle for some weeks and, after shaking, 
used when reciuired. I’hc Chemist has found that the sugar 
bought locally in “Kaddais” ik)es not possess as good pre.ser¬ 
vative qualities as pure cane sugar, so the latter article should be 
u.sed. 

If Phytophlhora infection occurs in the budwood nursery all 
the young shoots shfiuld be sprayed with Bordeaux Mixture once 
a week. The spraying can l)e safely discontinued in dry weather. 

Conclusion .—It is a sound rule w'hich has been recommended 
to several estates that all young shoots in a nursery of valuable 
bud grafted material should be dusted with sulphur powder 
every .10 days in dry weather, and sprayed with Bordeaux 
Mixture every w('ek or 10 days during wet w'eather, the applica¬ 
tions being discontinued Avhen the shoots are a few months old. 
.Such treatment will reduce to a minimum the risk of damage by 
any of the [lests and <li.sease.s mentioned above. It must be 
emphasised that for effective [)revention all shoots, whether 
diseased or healthy, mu.st be treated. 
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PROPOSALS FOR FURTHER DUSTING 
EXPERIMENTS AGAINST OIDIUM ON 
KANDANUWARA ESTATE. MATALE 


R, K. S. MURRAY, A.R.C.SC., 
MYCOLOGIST, 

RUBBER RESEARCH SCHEME. CEYLON 


A field of 30 acres was dusted with five applications of 
sulphur during January to March 1930. The foliage 
was definitely benefited by the treatment and the 
results have been reported on. Yield records are 
being taken from a number of plots in the dusted field, 
and, as a control, from the same number of plots in a neigh¬ 
bouring undusted area. It is not anticipated that an increased 
yield in the dusted as compared with the undusted rubber will be 
obtained for a considerable time, and it is therefore necessary 
that tihe dusting should be continued for several seasons. It is 
ftroposed that a further f)rogramme of dusting be carried out in 
1931. 

The degree of control of the disease obtained in the ftrevious 
experiments is not considered * entirely satisfactory. In the 
Mycologist’s Report for April 1930 several reasons for the com- 
[>arative failure were set forth; tihey are reproduced below: 

(1) The disease was fully active when dusting operations 
were commenced. 


(2) A considerable proportion of trees had already 
suffered defoliation before dusting was commenced. 

(3) Too long an interval elap.sed between the first and 
second applications. 

(4) At least two further applications should have been 
made in March and April. 

(5) Possibly the quantity of sulphur applied at each 
dusting was insufficient. This was certainly the case 
for the fifth and final dusting. 

(6) Reinfection from neighbouring undusted rubber. 

So far as is possible these points will receive special con- 
fideration during the next series of experiments, and every 
Endeavour will be made to secure as complete control of Oidium 
as possible. The factors will be considered individually; 
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(1) and (2) Dusting operations will be commenced 
earlier than previously. By making the first applica¬ 
tion in November 1930 it is hoped that the fungus 
may be to some extent controlled before attaining its 
full virulence. Unfortunately November and 
necernber are wet months on the estate and 
attem|;)ts to make an application may be frustrated. 
Any opi>ortunity afforded by a dry spell of weather 
will be taken. 

(3) d'he interval elapsing between successive applications 
in November and December must be largely governed 
by the weather conditions obtaining. 

(4) 1 ’revision will be made for continuing the a[iplications 
of sulphur until as great as possible a measure of 
control has been .secured. 

(5) A larger quantity of sulj)hur per acre will be applied 
in the first two dustings. 

(6) Reinfection from neighbouring undusted rubber is 
unavoidable. This factor is not, however, con¬ 
sidered t(^ be of great importance in the field in 
question. 
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SOIL IMPROVEMENT IN RELATION TO 
CROP PRODUCTION" 

M y subject is directly connected with tlie supply of the first 
necccssity of life, namely, food. By what method is the 
world goin^^ to continue, to feed its growing- population ? It 
is increasing at the rate of nearly 20 millions a year, and it 
cannot be suddenly checked. Can food be found for all these 
extra mouths, or will the pressure on our land resources become unbearable, 
and end in disaster ? That is the colossal problem facing* the world in the 
next few g-enerations. It must be met either by a continual expansion of 
cultivation, or an intensification of production on land already cultivated. 

How do we stand in India in respect to these questions ? 1 have pro¬ 

ceeded in a somewhat empirical fashion to ascertain the relation between 
population and arable land. I have selected, in making- my estirnati*, the 
figrtires used in international statistics, the total area sown and the current 
fallows. 1 have deducted the area required ior the production of (exported 
cotton, foodgrains, oilseeds, jute and tea, whit'h account for about 80 per 
cent. of the value of our exports. 'I'his estimate is admittedly rough and 
must be regarded as suggestive rather than as an exac't measure, but it 
is sufficiently near to illustrate my points. 

J have taken the year 1922-23, following census year 1921, and the 
year 1925-26. In 1922-23 the total area sov\’n in the part of India for 
which agricullural returns are made was 327 million acTes, 61 were under 
fallow, making' a total of 388 million acres. From this may b(‘ deducted 
as producing exported material, for cotton 14, for foodgrains 9, for oil¬ 
seeds 5, for jute 2, for tea ()'6 million acres, or 31 million at'rcs in round 
numbers. So that 357 million acres are left to supply the reciuiremcmts in 
home-produced food and other essential commodities of the 292 million 
people who live in the territory covered by these figures, viz. 1*2 acres per 
unit of population. 

A similar calculation for 1925-26 gives the same result. I have selected 
for a summary comparison the Ihiited Stales of America and hh’ance, two 
countries possessing points of resemblance to India. In both, as in India, 
agriculture is of predominant importance. In the United States 356 million 
acres are in cultivation. Sixty-five million producing exported material 
may be deducted from this, leaving 291 million acres of cultivated land 
devoted to supplying a population of approximately 112 millions, or 2'6 
acres per unit of population, fhe dominant characteristic of American ecoiH>- 
mic life has hitherto been abundance of land resouri'es. France, a country 
which is largely self-supporting, has 36*3 million hectares of cultivated land 
for a population of 39 3 millions, approximately 2'3 aiTcs for each head of 
the population. 

In considering the.se fig-ures we have to allow for the fact that the 
vegetarian diet adopted by our people is more economical of the resources 
of the soil than the diet of the people of the United States and France. 
Living is cheap in India, but when all IVas been said that can be said, we 
are left with the plain fact before us that we have one half the area of 
cultivatexi land for a unit of population. 

* Presidential address by G. Clarke, M.I-..C., Director of Agriculture, 

United Provinces, India, to the Section of Agricullure, Indian Science Congress, Allahabad, 
January 1930. From The Agricultural Journal of India, Vol. XXV, Part II, March 
1930. 
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The past experience of the world shows that as long* as new land 
of the necessary quality is available, increased food will be obtained less 
by increased skill and expenditure on old land than by taking up new land. 
(Jur map has shown for several decades well over a liundred million a('res 
in the Hritlsh Ih'ovinces of India classified as culturable waste. Wliy is 
not new land coming into cultivation ? I cannot give a ('ornplcte answ(M*. 
No such process can be observed in steady operation on a scale sufficient 
to raise the per capita area of cultivation to a level which will meet our 
food requirements. Some recent settlements in this province show an 
increase in cultivation of only 1 to 3 per cent, in 30 years, while in others 
the area is stationary. For a number of reasons the area of culliirablt‘ 
waste gives an unreal conception of our restmrees. Much of the land 
thus classified includes areas physically capable of being employed for 
crops only when our need is so extreme that considerations of cost of 
utilization are relatively secondary. Fifty per cent, we knt)w is situated 
in Hiirnia and Assam, out of the sph'cre of action of our chief agricultural 
races. A great deal is in Tarai tracts w'here health reasons prevent exten¬ 
sive settlement. Land is coming under the plough, to some extent, in 
tlie village's of the Sarda canal area in these provinces, and will eio so 
elsc'where as irrigation schemes mature, hut in India, as in other parts 
of the world, new land of the necessary quality for food crops is no longer 
easy to find. 

'Flvis brings me to the first part of my argument—the necessity of 
incre^asing the acre yield of land now under the plough if an ample supply 
of food and the home-grown necessaries of life is to he assured to the 
Indian worker, and his standard of living raised above subsistenee level. 
It is a difficult problem but it is not insoluble. 

When 1 consideied this matter some months ago, 1 asked myself 
l.hr(X‘ questions : 

(1) What factors are in our favour, and what are against us, when 
we begin to intensify our cultivation ? 

(2) Wfill the knowledge and experience of other countries help to 
accelerate our [)rogress ? What new knowledge do wc* need ? 

(3) What is the (jiiantilativc measure of the results we may expect ? 

I propose to give you the answers tlial suggested themselves to me. 

based on conditions in these provinces where my experience has been gained. 

We liave in our favour two things. In the first place soil that is easy 
to manage and quickly responds to treatment, and secondly agricultural 
workers attached to their calling and possessing a strongly-developed land 
sense which, by some curious twist in our make up can only bv. acquired 
in (hildhood. We shall not come up against a shortage of agricultural 
workers of the kind that is hindering development in Australia 
and Canada. In these countries a high degree of skill has to he 
directed to economy of labour by the use of machinery and labour-saving 
devices. In India our efforts will have to be devoted to economising land. 
We are belter placed than most countries as regards tht' primary essential 
for increasing production per unit of land, namely, man power. You may 
ask me, ‘'What is delaying our progress with two such assets?” Ihis 
opens up a wide sociological study. I believe ignorance and a larger sliarc 
of ill-health than should fall to the lot of an average being play a part. 
The stimulus required seems to be education of a rural type. I cannot, 
however, pursue this issue, and return to my agricultural text. 

We have to contend against difficult weather conditions and short 
growing seasons requiring early maturings and specialized varieties of crops. 
The Howards, in the “Development of Indian Agriculture,” describe 
graphically the effect of the monsoon on the soil and on the people. It is 
indeed the dominant factor in rural India, 
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We shall always at intervals experience years of short rainfall and this 
fact gives additional force to my argument for increasing the acre yield in 
favourable seasons by improved soil management it we are to avoid star¬ 
vation. MiK'h has been done to intensify yields without any commensurate 
increase of labour on soil improvement by the introduction oi more heavily 
cropping varieties. 1 need only quote as examples wheat and cotton in the 
Punjab and wheat and sugarcane in the United Provinces, which are adding 
crores to the cultivator’s income. Indian conditions, however, test the 
skill of tlie plant-breeder very severely and further steps in improvement 
in this direction are not going to be easily won. 

I now pass on to that part of my subject which has greater interest for a 
scientific audience than some of the stubborn facts I have placed before you. 

I mean tlie. t emsideration of some aspects of recent work on soil improve¬ 
ment and the lines on which enquiry may be directed in India. 

Since Boussingault introduced t]u‘ method of exact field experiment in 
1834, research on the soil and the conditions of crop growth has been 
' ontinuoiis in tAiropc and America. 1'he methods of approach have 
become more exact with each advance in puic science. W’e, therefore, 
start our work on soil improvement in India with tools ready made. Inves¬ 
tigations carried out in other countries have given us the principles involved 
and often the icc'hnique of methods of research. Our work for the moment 
is to apply them to conditions where soil processes differ widely, both in 
intensity and time of occuiTcnce, from those of temperate climates. I 
have been in\pressed by the desirability of applying to our problems a 
conception developed in recent years by the Cambridge and Rothamsted 
workers, which has given a new and wider significance to the field experi¬ 
ment. 'Fhe final yield gives us no indication of \^hat happens during th(‘ 
plant’s life or how it responds to factors operating* at successive stages oi 
growth, 'fhe modern method makes ([uantitative observations of crops 
throughout the period of growth and examines the results by statistical 
methods. This is nothing more than reducing to exact measurement and 
scientifa' treatment the* observations which every prruiical farmer makes 
but does nen formulate. 'The advantage is obvious. Information e'overing 
a wider riinge* than the old type of field experiment ('an be obtained in a 
few years, instead of taking generations. You will remember that Lawes 
and Gilbert waile^d twenty years before discussing the results of their 
experiments. The field experiment lasting twenty or more years no longer 
fulfils our requirements. We want results in a reasonable time, accom¬ 
panied by proof of their reliability, which will tell us not only the final 
yield but how that yield is obtained. 

This leads up to another conrf*ption, namely, the critical periods of 
crops which will repnv closer quantitative study in a country characterised 
by singularly short-growing periods and rapidly-changing conditions. By 
critical period I mean the relatively short interval during which the plant 
reaches the maximum sensibility to a given factor and during which the 
intensity of that factor will have the greatest effect on yield. These periods 
seem to he associated with some phase of growth in which the plant is 
undergoing modifications demanding the rapid formation and movement 
of food material. Indian workers have found that the twenty days before 
the crop comes into ear constitute an important critical period for wheat 
in relation to humidity and soil moisture. If during this period these 
factors are in defect of the minimum needed for the normal development 
of the plant, the crop will be small even if there is abundanc e throughout 
the rest of the vegetative period. 
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Our observations at Shahjahanpur indicate that two periods in the 
growth of sugarcane have special significance: (1) May and early June 
when the tillers and root system are developing, and (2) August and 
September when the main storage of sugar takes place. A clieck received 
at either of these periods permanently reduces the yield. The acre yield 
of sugar is positively and closely c'orreJated with the amount of nitrate 
nitrogen in the soil during the first period, and with soil moisture and 
humidity in tlie second period. 

FcK)d crops pre-eminently demand combined nitrogen. You will 
remember lunv Sir William Oookes startled the world 30 years ago by 
the statement that the wheat eating races were in deadly peril of star¬ 
vation owing to the rapid exhaustion cjf soil nitrogen, 'fhe age in which 
he lived had become a('custamed to abundant supplies of cheap food from 
the great plains of the* .American continent. Fertility accumulated since 
glacial period by luxuriant plant growth and bacterial aertivity suddenly 
bec:arne available for exploitation, and was plunderc‘d at an appalling rate 
by rough and ready methods of cultivation. Nitrogen wcas disappearing 
from the soil out of all proportion to the amount recorded in 
the crop. The extraordinary fertility of scane of these nev\' regions is 
shown by tfie data recorded by Shutt, an acre of soil to a deptli of one 
1<H>1 containing horn 20,000 to 25,000 Ih. of nitrogen. This figure may be 
('ompared with the amount of nilTogen in an acre foot of soil in these 
provinces, whieh lies between the limits of 1,000 and 3,000 lb. 1 shall 
refer to this again shortly. 

Crookes was almost the lirsi to realise that there was a limit to cheap 
production Irom new land, fuit his forecast was too gloomy. He visua¬ 
lised the exhatisiion of the chief g^ranary of the western world wnthin 
a generation or two. In some important aspects he misapprehended the 
problem. He did not know as we know now, tliat other agencies step 
in and stop the jtlunder of the soil before it has gone too far. It is only 
under improper methods of iropping and cultivation that permanent soil 
d(‘terioration is a real and dangerous phtmomenon. Land properly handled 
does not become exhausted. Vliich of the land of luirope has been culti¬ 
vated since the days of the Romans or even earlier. It is, if anything, 
more fertile than evei'. In India we have in existence a method of farming 
which has maintained foi' ten centuries at least a perfect balance between 
the nitrogen recjuircments of the r?*ops we harvest and llie processes which 
r e(‘ u pe rate fe ri i 1 i t y. 

When we examine the facts, we must put the Northern Indian culti¬ 
vator down as the most economical farmer in the world as far as the 
utilization of potent element of lerlility—nitrogen—^goes. In this respect 
he is more skilful than his Canadian brother. He cannot take a heavy 
overdraft of nitrogen from the soil. He has only the small current account 
provided by the few pounds annually added by nature, yet he raises a crop 
of wheat on irrigated land in the United Provinces that is not far removed 
Irom the Canadian average. He docs more with a little nitrogen than 
anv farmer i ever heard of. We need not concern ourselves with soil 
deterioration in these provinces. Hie present standard of fertility can be 
maintained indefinitely. I'his is not my text. Production must be raised 
it we are to live in reasonable security and comfort. 

In one resj^ct Crookes was right. He foresaw that the intensifica- 
tion of production required more combined nitrogen than the limited 
supplies furnished by the distilation of coal and the nitrate deposits, to 
counterbalance the colossal wastage which civilization and urban life bring 
about. The lixarion of atmospheric nitrogen was, as he pul it, vital to 
the progress of civilised humanity. 'I'his problem has been solved in the 
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last ten years and is one of the remarkable achievements of applied 
science. It could have been solved sooner if money had been forthcoming* 
for long range research, but it took the war to bring us to our senses. 
Thirty years ago the fixation of 29*4 grams of a mixture of nitrogen 
and oxygen at the expenditure of one horse power was recorded as a 
scientific achievement. In 1928-29 the estimated production of nitrogen 
compounds by synthetic processes Avas equivalent to 1*3 million metric tons 
of pure nitrogen, or over 6 million long tons of sulphate of ammonia, which 
can be sold at prices low in comparison with the prices of agricultural pro¬ 
duce. We are entering on an era of nitrogen plenty which is bound to 
react favourably on the world’s food production. <3ne of our problems 
is to find out how wc can make use of this discovery in India. The pro¬ 
bability is that the full benefit of fertilisers will be realised only on land 
reasonably supplied with organic matter. 

I may be allowed here to sound a note of warning. Great as are 
the possibilities offered by synthetic nitrogen compounds, there is danger in 
our standards of living to increased production based entirely on imported 
fertilizers. They may be cut off suddenly by international disturbances. 
I'he war Is too near an expierience and the promise of universal peace too 
uncertain to ignore this side of the question altogether. It will be but a 
wise precaution to establish their manufacture; in India when the correct 
way of using them has been worked out, their value demonstrated and a 
demand created. 

Our problem is more (X)niplex than the simple addition of nitrogen com¬ 
pounds to the soil. We have to face under pix'uliar conditions of cllmale 
the question of controlling moisture, organic matter and air supply in the 
soil, of regulating the supplies of nitrogen so that it may be available i*i 
the right form and quantity when the plant most needs it, so that none 
may be wasted, and to make use to the utmost of those processes by which 
nature supplies nitrogen j'ree of charge. l'hi\se problems centre round the 
changes which organic material undergoes in the soil and the nitrogen 
transformations which accompany them. 

We have two methods of soil improvement possessing enormous poten¬ 
tialities for increasing crop production and so simple in operation that they 
can be used by everybody : 

(i) the preparation of quick-acting manures from waste organic 

material, 

(ii) the use of green manure crops, 

I do not propose to discuss recent work on ithe first method. The 
practical details have been worked out thoroughly by the Howards at 
Indore, and by Fowler, Richards and their co-workers at Cawnpore. A 
paper on this subject is going to be placed before you by Dr. Fowler. I 
will not anticipate what he is going to say beyond remarking that the 
results which he has allowed me to examine, place in our hands a 
meiihod of the greatest value for increasing the outturn of rabi crops which 
require in this province a quicker-acting manure than that provided by 
turning in a green crop. 

We have been working for .some years at Shahjahanpur on the utili¬ 
zation of green manure for sugarcane. We have ploughed in on an average 
of three years* observations, 218 maunds per acre of sanai (Crotalaria 
juncea) which adds 50 maunds of dry organic material and 75 lb. of nitrogen 
to each acre. We have succeeded in raising crops of 580 maunds per acre 
without the addition of any fertilizing agent other than the sanai produced 
by the land itself. 
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I give below the results of 27 randomised plots in the treated and 
untreated fields in 1928 : 



Sugarcane 

Raw sugar 

Dry matter 


maunds (82f lb.) 

maunds 

maunds 


per acre 

per acre 

per acre 

Green Manure 

847±32 

870±3'6 

246 1J; 8'0 

Control 

649±22 

67‘2±2-6 

200 1±6‘6 


'I'he practi(.%'il result is worth ninety rupees per acre. Our problem is to 
find out the conditions of cultivation necessary to decompose sanai in such 
a way that (1) well aerated soil containing sufficient organic matter to 
prevent rapid drying out is ready for the crop in March, an(i (2) the nitrogen 
exchanges are such that this clement is protected from loss until it is 
wanted, and is then present in a form which can he rapidly mineralised 
for the use of the young crop. 

Our method of soil treatment is to bring about the early stages ot 
dcf'omposition in the piTsence of ample moisture. 1'h(‘ rainfall after the 
stnuii is ploughed in is ('arefully watched. If it is less thai1 5 inches in the 
first fortnight of September the fields are irrigatt‘d. In this wav we secure 
in most of our soils an abundant fungal growth as the land slowly dries. 
We prevent large accumulations of nitrates in the autumn, w’hich may he 
lost before the sugarcane is sown, and concentrate the nitrogen in 
easily decomposable organic form in mycelial and microbial tissue, 
until it is wanted in mineral form in the spring. 

Throughout the experiments we have made estimations of nitrate. Hic 
accumulation of nitrate reaches its maximum in May and Iniu* just hid’ort^ 
the first heavy rain. At this time the crop is about one-third grown. We 
have not observed any subsequent large formation of nitrate up to the com¬ 
pletion of growth in October. The final yields are in proportion to the mineral 
nitrogen present in the first period, and this suggests at once tlu‘ importance 
of available nitrogen in the early stages of the growth of sugarcane. This 
view is by no means a new^ one. Jt has recently been developed by (iregory 
at South Kensington, and Rolhanisted, who found tlial barley absorbed 90 
per cent, of its total nitrogen when it had made about f)ne-third of its 
growth. If it is substantiated by further vvo?*k and found to apply to all 
crops, it gives a clue to several improvements in soil management. 

In our studies in connection with the intensification of sugarc'ane 
cultivation we have been influenced by American investigations and methods, 
more specially those of the wwkers led by Waksman, who have studied 
the decomposition of cellulose and dead organic material in the soil. They 
have shown that the structure of the carbonaceous energy material in the 
soil largely determines the type of decomposition and the nitrogen trans¬ 
formations. If moisture and temperatuiT conditions are favourable, the 
decomposition of cellulosic energy material, the chief constituent of green 
manures, is mainly accomplished by funguous activity resulting in the for¬ 
mation of large quantities of mycelial tissue and the removal of nitrogen 
temporarily from the reach of higher plants. The synthesised material is 
later decomposed by other micro-organisms forming mineral nitrogen and 
humic material, and a definite period of time is required to complete these 
changes. A large volume of work has been published in the last five years. 
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It explains much tiiat was obscure regarding the utilization of green manure 
in India, particularly the time factor to which Howard drew attention many 
years ago. 

I now approach the last and most difficult part of mv task, to estimate 
the increased production we may look for by ihe application of sc ientific 
methods to our agriculture. W’hat 1 am going to say will be more readily 
understood if 1 give the production of wheat in a few countries of the crof) 
sown in 1926, which was on the whole, a good year throughout the world. 


It is as follows : 

Md. 

per acre 

United l^rovinces Irrigated ... ... 12‘2 

,, ,, Unirrigated ... ... 8‘2 

Canada ... ... 13*2 

IJ. S. A. ... ... ... 10*7 

France ... ... ... 130 

Germany ... ... 17*5 

Great Britain ... ... ... 22*5 

Belgium ... ... ... 26 3 


A glance at these* figures show,*^ what an immt‘nse pel ‘lUial increase 
of production is open in many ('ountrles, especially in Anu'rjca and India, 
J'he physical possibility or perhaps (‘ven tlie limit of production in the 
United [Provinces is shown by the yield obtained at the Shahjahanpur 
Research Station. In 1926 it was 28*8 maunds per ac're. In the last 1! 
years, inc'luding two in which the wheal crop was a partial failure, 243 
acres have yielded 5,945 maunds or 24*4 maunds per acre. .Soil and 
climate do not impose a serious restriction on production. We cannoi 
however, take one striking instance of }argt‘ yields achieved on a small 
acreage under favourable conditions at the basis i^f an (‘Stimate of tlu* future 
production of the country as a whole^. 'fhe actual ](*ve] in any ('ounlry is 
bound to be behind the ideal, no matter ho\y wa*11 developed educational and 
propaganda machinery may be. 

It is safer, if such a course be possible, to ('onsider av(*rage results 
oHaired in countries which have been compelled to employ intensive 
methods, but we have no adequate basis of comparison w ith our conditions. 
There is no example of a tropical or semi-tropical country in wdiich s(‘ienti- 
fic methods have been applied over a wide area by independent and 
unsupervised wwkers, 

vSugarcane cultivation in Java is often quoted as an example of what 
can be done. It illustrates the combined effec't of sfricflv supervised lahouf 
and scientific methods on about one million acres of land, carried out with 
the object of gaining the highest possible interest on Dutch capital. It does 
not illustrate what we arc aiming at in India—agricultural improvement 
initiated and carried through by the people themselves, as the result of 
education and uplift, on 300 million acres. 

Let us examine the course of events in Europe and America and learn 
what we can from chem. 

In mediaeval England the yield of wdieat was 7 maunds per acre. 
When the consolidation of holdings was complett^d by the enclosures in 
about the last quarter of the 18th century the vield rose to 14 maunds per 
acre. It remained at this level until 1840 when a further advance was 
made possible by the use of better methods and the introduction of nitrogen 
fertilisers. By 1870 the yield had risen to 20 maunds per acre. 
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In America low yields and a ^^rowing- indiistrinl population are causing 
uneasiness. By studying a^ricullurt'il conditions in other countries the con¬ 
clusion has been reached that 47 per cent, represents a possible all-round 
increase of production on the present cropped area. Experts do not a^ri‘e 
as to the probable increase in the next few decades. llhs is placed Ixtvveen 
the limits of 10 and .SO per ( eiit. These hj^j^ures are based on eon.^-iderations 
of labour. 'Phis, as 1 have said, scarcely enters Into our problcan in India. 
We have more people employed in atrrieultma^ per unit {)f cullivated land 
than any other country, with the possible exception of China and Japan. 

1'he improvement of sugarcane cultivation exUaids over 2,81,000 acres 
in 18 districts in the United Provinces and j^^iv(‘s s^^mie indication of tlu' 
possible ( ourse of eviMils. I'he yield of the unimproved crop in a year 
of averaije character is 850 maunds per acre. VVe pass throiig-h four 
definite sl.iijes of improvement : 

(1) Better cultivation of the old varieties, yieldiiyi;’ 450 maunds per 
acre. 

(2) I'he introduction of heavira- cropping: varie.tit^s a('('ompanit*<l by a 
further improvement in cultivation, yic'ldin^^ 600 maunds p(*r acre. 

(3) 'fhe introdiu'tion ol some fertilising- a^vnt, such as ^reen manure, 
vit‘UIinc; 800 maunds per acre. 

(4) 'fht' lnt<*nsive ( iiitiv ation of heavy (*ropping vari(‘lies, yielding;- 1,000 
maunds per .acre. 

The imaease over the normal production is 28, 71, 128 and 185 per 
(t*nt. i'he analysis of the returns is helpful in ('onnection with our pi-(;blem. 
In the more im|)ortant suj^ar-producing districts, 70 per cent, of the suj^ar- 
eane area is planted witli heavier yielding: varieties. In somtf 80 per I'ent. 
and in a few only 2 percent. 2,81.000 acres is almost exactly .88 per cent, 
of the total sugarcane area in the 18 distric-ts for which specaal returns 
are made ; on this area the yield has been slightly more than doubled, so 
that there is an all-round increase in production of 88 per cent. This has 
taken 17 veais to ocTompIish and brings the cultivator in 311 lakhs of 
rupees extra a vear. I believe if such simple modili(\alions of practice as 
the use of green manure crops and (ompo.sts made from waste* material, 
wen* applied to all our arable land, production would be* more than doabU*d ; 
but this means that every cultivator would be conducting his agricultural 
operations in a scientilic m.annei -a state of aifairs not yet reached in any 
countrv. The point is that it is not to be expei'ted. \Vv must allow for 
the inertia which will retard the general adoption of improvements in so 
large a country as India. After giving due weight to this and taking 
into ('orisideralion the abundance of our labour resources and the (*\tra- 
ordinarv response of our soil to belter treatment, it is reasonable to 
believe that within the next two or three decades we may increase the all¬ 
round outturn of our ('ropped land by 80 per I'em. in normal seasons. 
But I assume that mueh more money will be spent on scientific research 
and extension work in villages than is now spent. 



CRABS IN PADDY FIELDS* 


I N an article under the above heading published in the Madras 
Agricultural Department Year Book for 1927, the writer described 
a m'ethod of preventing crab damage to paddy crops, together with 
practical details and observations regarding the working of crab- 
traps in paddy fields. Since then, a regular and systematic 
campaign directed towards the alleviation of crab nuisance has been carried 
on successively for three years at the Paddy Breeding Station, Aduturai, 
and a great deal of further experience gathered. The results of such 
further observations and experience are now embodied in the present article 
which is intended to be a continuation of the one previously published. 

Methods of Centi^ol : The use of poisonous chemicals. —Besides careful 
drainage, and the use of crab-traps discussed in detail in the previous 
article, a trial with poisonous chemicals was also conducted in the exter¬ 
mination of crabs and the results are briefly described below : 

C'alcium cyanide either in the form of granules or dust w^as tried, a 
half-tola weight of the substance being emptied with a long spoon into 
each crab-hole and the opening being immediately closed up with wet mud. 
'File chemical proved quite efficacious in asphyxiating crabs in crab-holes, 
and the minimum lethal doses were experimentally determined to be a 
half-tola weight of calcium cyanide for an adult crab and a quarter-tola- 
weight for a young one, the lime for elTective asphyxiation varying from 
twenty-five to thirty-five minutes. The disadvantages of applying this 
method on a large scale consist in : (i) the enormous amount of time 
and labour involved in dropping weight quantities of the chemical into 
tlie innumerable crab-holes, and irnmediately closing up their op.Miing-s 
with mud, (ii) the expense involved by such a course, and (ii) the danger 
of allowing coolies to handle the poisonous substance directly. 

77/6* use of cruJ>-tyaps. —The crab-trap may be describt^d in brief as 
a mud-chatty buried in the field jiist flush with ground level and baited 
with rice-bran. A campaigm of installing crab-traps in fields, apace with 
the progress of transplanting operations, was systematically pursued every 
season. 

Raw nce-brini found as good a bait as fried rice-bran. —It was for¬ 
merly recommended that the rice-bran should be fried, the frying being- 
stopped just when the bran smelt most fragrant. It has since been found 
that raw rice-bran is equally efficacious, and the frying is therefore quite 
unnecessary. 

(^niches due to bait and not to accident, —It was necessary to show 
that a bait was really required to attract the crabs, and that the crabs 
did not drop in by mere accident or curiosity. A trial was therefore 
arranged where some pots W'Cre left without any bait whatever. In each 
of three, ch'^innel-courses where six crab-traps had been installed, two 
were left unbaited, two were baited with fried rice-bran, and two were 
baited wnth raw rice-bran. The results show conclusively that accident or 
curiosity alone do not sufficiently account for the catches in crab plots, 
and that a bait is needed to attract. 


* By K. Venkataraman, M.A. (Hons.), Supermtendent, Agricultural Research Station. 
Aduturai, in Th»;: Madras Agricultural Department Year Book 1929. 
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Relation between rainfall and catch of crabs, —It was observed that the 
catch went up on rainy days, both in the field crab-traps, as well as the 
channel crab-traps. This is probably due to crabs getting- flooded out of 
their holes and being forced to move about in the fields in larger numbers 
than under normal conditions. 

Fluctuation in catch of emits durini^ an entire paddy scjsoyi, —-The 
aggregate catch of ('rabs on tin; station (comprising a paddy area of 46 
acres) during an entire season commcmcing from July 1927 and ending 
with January 1928 was carefully recorded. The average catch per pot per 
day was worked out for each month and the table given below affords inter¬ 
esting study. A scrutiny reveals that the numbers decline, as the trial 
advances. This is only natural as there cannot be any <!onstant relation 
between catch and supply, and the one is iMviind to lead on the other. 

The ('atches in the field pots show a rapid initial decrease from August 
to September. The fall of the curve from Septt‘mber to October is less 
steep, and this is followed by a flattening out from Oi'tober onwards until 
January is reached when the fields got nearly dried up. 'fhe rapid fall 
from August to September was probably due to the elimination of crabs 
that were alr(!ady in the fields before the commencement of planting. The 
curve for the catches in the channel-plots is a smoolli one falling very 
gradually from August to January. 

Catches in all channels and planted fields 
throughout the paddy season 


Month 

In channels 

In 

planted fields 

Total monthly catch 
columns (3) and (4.) 

Number of 
pots set up 

Total catch 

Average 
catch per pot 
per day 

: Number of 

pots set up 

_ 

Total catch 

Average 
catch per pot 
per day 

July (tO-31) 

1927 

Pol 

s not se 

t up 

* 

7,862 

* 

7,862 

August 


24 

1,729 

2.3 

129 

31,.358 

7.8 

33,087 

September 

«1 

24 

1.685 

2.3 

282 

25,408 

3.0 

27,093 

October 


24 

1.250 

1.7 

550 

20,125 

1.2 

21,.375 

November 

M 

24 

1,114 

1.5 

599 

23,939 

1.3 

25,053 

December 


24 

567 

0.8 

583 

8,959 

0.5 

9,526 

January 

1928 

24 

76 

0.1 

101 

236 

0.08 

312 


1 


6,421 

1 


117,887 


124,308 


The number of pots varied as planting progressed from 20 on 11th July to 118 
on 31st July, 1927. 

The effect of continued annual campaigns on the numbers caught, —The 
elTect of continued campaigns against crabs is remarkable, in that the 
crabs breeding in the fields are fast eliminated and diminish perceptibly 
in numbers, year after year. 
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Dead-crahs in the ’'role*' of paddy fertiliser ,—disposal of the 
enormous catrhes of crabs at this station became a problem and pressed 
for a solution. The crabs caught were killed by drowning or otherwise and 
the dead crabs were composted in pits, together with earth. The buried 
crabs rotttid well in nine to ten wxeks, and over twenty cart-loads of 
manure were produced this way every season. 

The manurial experiment referred to in the previous article (page 33 
of the Year Book for 1927) was conducted to test crab-manures against 
village-cattle-manure in equal two-cent plots, each treatment being quad¬ 
ruplicated. 'Fhe two dilTerent manures were applied severally on an equal 

bulk basis at the rate of 300 lb. per cent, of field space, the plots being 

planted up with seedlings of Aduturai No. 1 bulk. The harvested yields 

from the sub-plots given below indicate the superior fertilizing value of 
crab-manure as against villagc-cattle-manure : 


Yields from suh-plots treated severally with 
crab-manure and village-cattle-manure 



Crab manure 

Village-cattle-manure 


Yields in lb. 

Yields in lb. 


Grain j 

1 

Straw 

Grain 

Straw 

Repetition No. 1 

70 

159i 

66 

122 

Do No. 2 

66 

183^ 

48 

102 

Do No. 3 

54 

131 

56| 

I28i 

Do No. 4 

60 

155 

55i 

107 

Total... 

250 

629 

226 

459i 

Percentages 

1106 

1369 

100 

100 


The manurial value of dead-crabs is a further strong argument in 
favour of crab-traps, first as a preventive measure against damage, and 
secondly as a beneficial fertilizer for the crop—an instance of '‘pressing 
the enemy into service.” 

Rats trapped in crab-plots ,—It may be stated the field-rats have on 
several occasions been found trapped in the plots meant for crabs, and 
this is a further unexpected advantage. Only those crab-pots which are 
partly filled with water are able to trap rats. The number of such rats 
trapped during one season (July 1928 to January 1929) totalled 101. 
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MEETINGS, CONFERENCES, ETC. 

BOARD OF AGRICULTURE 

FOOD PRODUCTS COMMITTEE 

Minutes of a Meeting of the Food Products Committee of the Board of 
Agricuiture, held in the Board Room of the Department of Agriculture, 
Peradenlya, at 2 p.m. on Monday, August 4, 1930. 

Present. —The Ih^n’blo Dr. \V. Younginanj Dira'tor of Agriculture, 
(Chairman), Mr. Henry L de Mel, C.B.K., Mudaliyar W. Samarasinghe, 
Miidaliyar S. Mutluiamln, Mudaliyar S. P. Wijetunge, Mudaliyar C. B. 
Herat, Messrs. A. A. Wickremasinghe, ('. A. M. de Silva, the Ento¬ 
mologist, the Ading Mycolog-ist, the Acting Ec'onomic Botanist, the 
Divisional Agricultural Officers, Central, Southern, Northern, North-Western 
and South-Western Divisions and Mudaliyar N. U’ickreniaratne (Secretary). 

Visitors. —Messrs. J. 1. (inanamuttu, ). (A Drieberg, and S. Kandiah. 

Letters and telegrams had been received from the following members 
regretting their absence: "I lie Hon’ble Sir H. Marcus Ifernando, Hon’ble 
Mr. T. B. L. Moonemalle, Messrs. S. Pararajasingham, C. Muttiah, 
Dr. T. B. Kobbekaduwa, Mr, C. W. Bibile, Ratemahatmaya, Gate Mudaliyar 
G. (loonatilake, (iate Mudaliyar M. S. Ramalingam, Gate Mudaliyar A. E. 
Rajapaksc, Mr. W. A. Udagama, Dissawa. 

The minutes of the previous meeting held on June 26, 1929, were 
confirmed. 

AGENDA ITEM 2. CONSIDERATION OF REPORTS OF THE 

SUB-COMMITTEES APPOINTED TO ENQUIRE INTO 
THE CONDITIONS OF PADDY CULTIVATION 

I'he Chairman welcomed the members and regretted the im'onvenicni'e 
caused to them by having had to ( onvenc the mt'eting at Peradeniya, as the 
room in the Old Council Chamber, Colombo, in which (he meetings are 
generally held was not available. He said that the reports of the Sub-Com- 
mirtee.s to enquire into the conditions of paddy ('ultivation had already been 
circulated to members and they cemtained a great deal of valuable informa¬ 
tion. This Committee should cr»nslder these reports and then together with 
the recornmenidations of the Committee these should be placed before the 
Board of Agricullure. It was also nei'essarv, he said, to consider whether 
report.s should be printed. He invited suggestions and criticisms from the 
members. 

Messrs. De Mel, Samarasinghe, Wickremasinghe, Multutamby and the 
Chairman took part in the discussions that followed. 

Mr. De Mel said that there were four prominent points. (1) He thought 
that the Food Products Committee should express its appreciation of the 
work done by the Sub-Committees and thank them for th^eir labours—with 
regard to the production of paddy the officers of the Agricultural Department 
ought to take some practical steps. Many of these efforts were not appealing 
to the village conditions. (2) The major tanks that had been restored were 
all right but there was strong complaint against the work of restoration of 
village tanks. For paddy there ought to be an ample supply of water. This 
was evident, he said, from the rider attached to one of the reports by Mada- 
hapola Ratemahatmaya. (3) The opening charmels w another matter 
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which required attention. The Irrig'ation Department should work with the 
Department of Agriculture in order for the paddy cultivation to take a step 
forward, (4) Cattle was another point. Those who sympathised with the 
movement liked to see the Veterinary Department work in co-operation with 
the Department of Agriculture. He suggested that the constructive parts 
of the reports should be printed. 

Mudaliyar Samarasinghe thought that the reports should have been 
digested by the officers of the Ag-ricultural Department and that some 
constructive proposals should have been put up. He said that Mr. De Mel 
referred to some features of water supply and he had to refe.r to the question 
of drainage which had not received the attention due to it. He gave instances 
where owing to neglect of this question certain areas in the Western 
Province had not been cultivated. He also pointed out that the paddy 
cultivation in Ceylon had not for .some time been a paying industry. Unless 
it was made definitely remunerative the cultivator could not be expe('red to 
evince greater keenness for paddy cultivation which has to compete with 
other crops such as cinnamon, coiTee, coconut, rubber, lea and also with the 
paddy grown in India and Burma. He suggested that the local paddy 
industry should be protected. Continuing, he said that the paddy question 
was a national one and that it was the duty of the State to encourage its 
cultivation. For this he suggested direct or indirect subsidisation and one 
of the ways w'as to waive the water rate and to consider the Irrigation 
Department on a non-paying basis. He thought the supply of more winter, 
repairing old tanks, raising of bunds, opening of choked elas, proper 
drainage wdfh the subsidisation were some of the needs of paddy cultivation 
which he left to the expert officers of the Department to give consideration. 

Mr. Wickremasingh'e referred to the scarcity of buffalot^s and the want 
of pastures in certain distrids such as Kegalle, Kandy, and the Western 
Province; and periodical floods especially in Galle, Matara, and Colombo. 
He thought that investigation should be made to protect the crops from 
these inundations. He also ’referred to the human factor. He said that thr. 
present day young men and young i^omen were reluctant to work in the 
paddy field and suggested that a proper menial attitude towards the 
industry could be created bv having paddy fields attached to schools and 
boys and girls made to w'Ork in theni as a compulsory subject in the curj i- 
culum. He also thought that if the Agricultural Instructors were attached 
to schools their usefulness wa)u1d be increased. He emphasised the value 
of the growing of other food crops. 

Mudaliyar Muttutamby said that in the dry zone the yield of paddy was 
very poor and the cultivators did not get sufficient return for their labour 
and therefore they took to paddv cultivation in a half-hearted manner. He 
concluded by saying that paddy cultivation should be made a paying 
proposition. 

Mr. De Mel oflering further comments agreed with the previous speaker 
as regards the economics of paddy cultivation. He said that the 800,000 
acres under paddy w^as a great asset and urg^ed the adoption of scientific 
methods to ensure the productivity of paddy lands. He believed in seed 
selection and felt hopeful of the experiments carried out by the Economic 
Botanist. 

The Chairman desired definite ooinion as regards what should be dore 
with the reports. He thanked Mr. De Mel for his appreciative comments 
on the work of the Economic Botanist. Speaking on the intensive method 
of cultivation, he said that the seed selection was an integral and indisputable 
part of scientific treatment of the subject. He emphasised the need of high, 
yielding strains. The selection of high-yielding strains however to suit th^ 
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Varying rondillons of climate and soil was a dilFicult problem. In Java, tie 
said, the Javanese cultivator gets an average yield of nearly 2,000 lb. oi 
paddy per acre and this has been achieved as a result of the work of Dutch 
Scientists. If Java could increase its yield f om 600 to 2,000 lb. per acre, 
Ceylon possibly could devise means to incr(‘ase the average yield to 1,000 lb. 
per acre. Then people would see montw in paddy and there was the possi¬ 
bility of their reverting to paddy cultiva ion. He dealt with what he proposes 
to do with regard to the subject of seed selection and the introduction ol 
demonstration plots in the ( ultivators’ own fields. He spoke of the conser¬ 
vative nature of the ('ultivators and of other difliculnes but he hoped with 
the advent of the New Constitution the old orden would givc^ way, and that 
when changes look place the Agricultural Instructors would have much less 
difliculty in getting into t onta('t with the ('ultivator in his held. The difficulty 
mentioned in so many of the reports of the attitude of Vel Vidanes, called 
for special alteniion. He thought the suggestion of the ('ommittee that 
technical olFu ers cT the Department should consider llie reports and embody 
dieir salient features in a single reix>rt waas not sufficient and he would 
w'elcome a report by otlter than members of the Department of Agriculture. 
At tlie close of tlie discussion, the following resolution proposed by Muda- 
liyar Samarasinghe and seconded by Mr. I)e Mel w'as passed : 

“That the S('ientihc OfFicers of the Department in consultation with 
tlie elected members of the Food Products Committee draft a recommen¬ 
dation for submission to the Board of Agriculture at the Annual 
Conference. ” 

Mudaliyar Herat proposed the following names to be associated with 
the Scientific OfFicers of the Department in the draft of the report: 

Mr. H, L. de Mel 
M ud a 1 i yar Sa marasinghe 
Mr, C. Drieberg 
Mudaliyar S. Muttulamby 
Mr. A. A. Wit'kremasinghe 

Mudaliyar Wijelunge seconded and it was carried unanimously. It 
w^as also resolved to have the reports printed. 

AGENDA ITEM 3. THE DESIRABILITY OF INCREASING 
THE USEFULNESS OF THE GOVERNMENT PADDY 
STATIONS ESTABLISHED IN THE COUNTRY 

I'he Chairman called upon Mudaliyar Mutlutamby to move for dis¬ 
cussion the subject appearing under his name. 

Mudaliyar Mutlutamby moved for a discussion the desirability of 
increasing the usefulness of Government Paddy Stations established in 
the country. He said that those stations should not be conhned only to 
selection of seed paddy but they should be worked to prove that paddy 
could give better results. Generally, he said, the cultivation was not above 
that of the ordinary cultivator. The Department of Agriculture should 
overcome the drawback of paddy blight, caterpillars, and other pests. 

Discussion followed in which the following took part viz:—The 
Chairman, Mudaliyar Samarasinghe, Mr. De Mel and Mr. Cooke, Divi¬ 
sional Agricultural OfFicer, Northern Division. 

The Chairman said that he realised it was necessary for the Department 
to grow paddy on these demonstration farms at a profit. He did not mean 
a cash return but a sufficient yield. Seed could be distributed at an 
accommodation rate if necessary to cultivators and shown as a book value. 
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If the actual yield did not cover the expenses it was useless to continue 
that particular variety. A better variety would be introduced which in turn 
could produce a paddy superior to others, in this way the neig^hbouring 
cultivators would take to it and this, he said, was what the Department 
proposed doing. He thought the present farms and plots should be more 
of the nature of seed multiplication areas and that demonstration should 
be more in cultivators’ fields. 

Mr. Samarasingh’e said that Belunmahara Paddy Station was only a 
partial success and the new policy enumerated by the Chairman would really 
meet the point raised. He suggested that the Agricultural Department 
should cultivate large areas in North-Central Province, Eastern Province 
and the Southern Province in order to raise sufficient paddy for feeding the 
people. As an instance he quoted that Government manufactured salt and 
in the same way he thought that Government should also nationalize the 
production of food. 

The Chairman pointed out that such schemes w'cre carried out in some 
countries for demonstration purposes but his staff was quite inadequate to 
undertake such w'ork. He did not know whether the Ministers under the 
New Constitution would favour such schemes of nationalizati.>n in Ceylon. 

Mr. Cooke, Divisional Agricultural Officer, Northern, on being called 
upon by the Chairman said that he was inclined to support Mudaliyar 
Samarasinghe. He gave an account of the successful working of a Farm 
of 100 acres at Iranamadu which supplied seed to cultivators at a time 
when there was a shortage of seed in the locality. He was of opinion 
that farms of 50 to 100 acres might be tried. As regards the Mannar 
paddy plot he said that five acres there was not sufficicuit. Referring to 
the demonstration plots in the cultivators' own fields he doubted whether the 
cultivator would carry out the instructions g'iven him by the Instructor. 

Mr. De Mel gave his experience of mass seed selection by the collection 
of heavy ear-heads. 

The Chairman in winding up thought the general opinion of members was 
that the work should be done in the fields of the cultivator with the help of 
the Agricultural Instructor. 

AGENDA ITEM 4. THAT THE QUESTION OF FRUIT 
GROWING AND VEGETABLE CULTIVATION MAY 
BE GIVEN SPECIAL CONSIDERATION OF THE 
FOOD PRODUCTS COMMITTEE OF THE 
BOARD OF AGRICULTURE 

Mr. De Mel said that he had the privilege of bringing up this question 
at the last meeting of the Board of Agriculture and explained what he 
had done since then to popularise fruit and vegetable cultivation through 
the Fruit and Farm Association. The exhibition which was held under 
the auspices had over 1,500 exhibits in spite of the drought, flood, and 
trade depression. He mentioned some excellent exhibits sent by the 
Divisional Agricultural Officer, Northern. He suggested that the officers 
of the Department should in the course of their travelling impress upon the 
villagers the advantages of employing their leisure hours to plant fruit 
and vegetables in the compounds of their houses. He spoke of the waste 
cattle manure in the villages and the possibility of successful use of this 
in the growing of vegetables and fruits. The village fairs afforded, he 
said, a ready market for their produce. One of the drawbacks was the 
careless packing of fruits but to meet this difficulty the Fruit and Farm 
Association had prepared crates for proper packing of fruits. He thought 
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that it would be advantageous to detail an officer of the Department of Agri¬ 
culture to record the seasons of fruits in various parts of the country and 
specially to attend to this work in the villages. In this way it might be 
possible to organise a more continuous supply on the market. He also 
said that preserving of fruits had become a paying concern with many ot 
the middle classes in Colombo. 

Mr, Wickremasinghe in supporting Mr. De Mel emphasised the value 
of cultivation of jak and orange fruit to supplement the food supply. He 
gave an instance how breadfruit furnished one meal for the day in certain 
districts. He also suggested the popularising of the planting of mangos- 
teens and grapes, for which there was a demand. He declared that the 
Department should investigate why oranges and mango trees did not bear 
fruits in some years. 

Mr. C. A. M. de Silva asked whether the Department had tried any 
experiments with regard to the growing of oranges and limes and pines to 
bear out of season. He gave his experience of planting of pineapples. 

In answer to an enquiry by the C'hairman, i\lr. Wickremasinghe said 
that he meant the ordinary breadfruit trees. 

The Chairman explained what the Department was already doing in 
the extension of fruit cultivation and referred to the work being done in 
testing the growing of citrus and grape fruits at Anuradhapiira, Wariyapola 
and Nalanda. In these parts experiments had been carried on in smaller 
areas and he had already started growing them in larger plots. He also 
referred to the work done at Rntmale in this direction by the Hon. Mr. W. 
A. de Silva. He further said that there was a market in Ceylon for grape 
fruits and the shipping companies would buy, he thought, appreciable 
quantities. Mangosteens could be sold in Bombay, Calcutta and other 
Indian towns, and there was a great demand. He informed the members 
that the Department was seriously taking up the growing of fruit at the 
above stations. As regards pines he thought that the difficulty with them 
was the marketing in a goo<i condition. 

In reply to a question from the Chairman whether the fruit crates 
mentioned were a patented article, Mr, De Mel said that they were, together 
with special egg-lx>xes, made at his factory from the pieces of light wood 
left over in the manufatture of brushes. Carpenters could copy them but 
he thought they would ('ost more for them to make. Mr. Dc Mel empha- 
si^xl the importance of detailing an officer for studying the conditions of 
fruit growing. 

Mr. Peiris (I)ivl. Agrcl. Officer^ .South-Western) proposed that Mr. A. 
Ramanathan be co-opted a member of the Food Products Committee. 
—Carried. 

Mr. De Mel proposed that Mr. E. C. de Fonseka be co-opted a member, 
which w^as also carried. 

Thie Chairman thanked the members for their attendance and the 
interesting discussions and the meeting terminated. 

N. WICKREMARATNE, 
Secretary, 

Pood Products Cx)mmittec. 
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THE TEA RESEARCH INSTITUTE 
OF CEYLON 

M INUTKS of a Meeting of the Board of the Tea Research 
Institut'C of Ceylon, held in the Victoria Commemoration 
Buildings, Kandy, on Wednesday, the 9th julv, 1930, at 
2-15 p. m. 

Present: —Mr. R. G. Coombe (Chairman), the Hon’ble 
Dr. W. Youngman (Director of Agriculture), the Hon'ble Mr. D. S. 
Senanayake, Major H. Scoble Nicholson, Messrs. A. G. Baynham, F. F. 
Roe, John Horsfall, Jas. Forbes (Jun.), T. B. Panabokke, Mr, F. C. Mac- 
d nald (Acting Secretary), R. R. Muras (Actg. Asst. Secretary), and by 
invitation Dr. R. V. Norris (Director, Tea Research Institute) and Mr. F. 
J. Whitehead (Consulting Engineer.) 

Absent. —The Hon’ble the Colonial Treasurer, Messrs, J. D. Finch 
Noyes an<l G. R. Whitby, 

1. Notice calling the Meeting was read. 

2. Minutes of a Meeting of the Board of the Tea Research Institute 
of Ceylon held on the 1st April, 1930, were taken as read and confirmed, 

3. Letters regretting inability to be present at the Meeting were 
received from the Hon’ble the Colonial 'I'reasiirer, Messrs. J. D. Finch 
Noyes and G. R. Whitby. 

4.—FINANCE 

fa) Statetnctii of Accounts as at 31st May 1930. —The Chairman 
referring to these said that since the last Meeting the figures in the C.'apital 
Expenditure which were misleading had been adjusted, making the accounts, 
he felt, now quite clear. The accounts were passed without further com¬ 
ment. 

(6) Financial Statement to end 6f Jtinc 1930. —The Chairman said that 
there w^as approximately Rs. 150,000/- on current account, and a like 
amount on fixed deposit. The fixed deposit was due for payment on 
4th August. 

He anticipated that during the next three months a sum of from 
Rs. 180,000/- to Rs. 190/000- would be required for buildings, which should 
be nearing completion in that time. He suggested that the question of 
whether it would be possible to place anything further on fixed deposit 
for a short period should be left in his hands. This was agreed to. 

(c) Increase of Cess. —The Chairman announced that he was glad to 
be able to report that the Ceylon Association in London, the Ceylon 
Estates Proprietary Ass<K'iation, the Low^-Country Products Association 
and the Planters’ Association of Ceylon, had all unanimously agreed to the 
increase of the Cess from -/lO cents, per 100 lb. to -/14 cents per 100 lb. for 
the next three years. A copy of the draft letter to Government in this con¬ 
nexion was sent to each Member of the Board under cover of Circular No. A. 
15/30, dated the 5th Juiu 1930. 

The Acting Colonial Treasurer considered, however, that this letter 
was not full enough and was lacking in the several essential details which 
Government would require, especially when the matter came before the 
Executive Council. Another letter giving the information required had 
been drafted and forwarded to Government. A copy of this letter was sent 
to each Member of the Board under cover of Circular No. A. 18/30, dated 
the 4th July 1930. 

The letter wa.s confirmed without comment. 
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5.—MEMBERS OF THE BOARD, T. R. I. 

The Chairman welcomed Mr. F\ F. Roe, the new Chairman of the 
Ceylon Estates Proprietary Association, ami Mr. Jas. Forbes (jiin.). 
Representative of the Planters’ Association of Ceylon, vice Mr. D. S. 
Cameron. He also reported that Major H. Scohle Nicholson had been 
nominated to fill the vacanc'y caused by the resignation of Mr. P. A. Keiller, 
and that Mr. (j. R. Whitb,' had been nominated to act for Major I. W. 
Oldfield. 

A vote of thanks was recorded to Mr. Keiller for his services. 

6,—ST. COOMBS ESTATE. 

(a) Lahorntories .—The Director reported that the Laboratory 
Buildings had made very good progress since the last Meeting. The main 
structure was now complete. No trouble was anticipated in completing 
the building within contract time. 

(h) IVdier Supply ,—The Director said that Mr. Dyer, the Government 
Sanitary Engineer, had put forward a complete scheme for the water supply 
at St. C'oombs, the estimated cost of which amounted to approximately 
Rs. 32,000/- exclusive of the Chlorometer plant required for the purification 
of the supply which would cost another Rs. 2,000/-. Gaugings had been 
taken by Mr. Dyer of the various supplies and spring D had been found 
to yield from a maximum of 118,000 gallons to a minimum of 21,000 gallons 
per day. The latter was the hot weather figure and was sufficient to cover 
the demand. 'Phe main item in Mr. Dyer’s estimate was the 4 in. cast iron 
main which alone absorbed Rs. 28,000/-. A modification of the above 

scheme had been proposed by Mr. Wdiitehead who had found that 4 in. 

galvanised piping could be obtained at a rale of about Rs. 1-95 per foot 
and he suggested that this should !)c used instead of the cast iron pipe 
costing about Rs. 6/- per foot. Other changes in the scheme were ,also 
prcjposed by Mr. AMiiteliead who then gave details of his ideas. The 4 in. 

main would be brought to the laboratory site to a tank in the gnmnd of 

7,000 gallons capac'iLv whii h would supply most oi the* quarters by gravity. 
For the laboratory and Senior .Staif Bungalows a 30 ft. tower would be 
constructed in the laboratory quadrangle. In view of some uncerlaisity 
as to whether the head was sufficient to carry enough water to the tower 
without pumping, Mr. \Vhil(*h('ad suggested the* 4 in. main should be first 
laid and the liead experimentally tested. As an alternative to pumping, it 
might be possible to obtain a greater head by tapping the source at a higher 
level. The estimated cost of his scheme amounted to Rs. 20,550/- made 
up as follows : 

Main line piping 
Chlorometer and Fittings 
Distribution piping and fittings 
Laboratory tank . . 


The supply for the factory, Superintendent’s bungalow and estate lines 
would continue to be taken, as far as possible, from spring H near tho fac¬ 
tory. The Estate Sub-Contmittec which had considered both schemes in detail 
recommended that Mr. Whitehead’s proposals should be adopted, the work 
being carried out in the two stages suggested. The Chairman proposed 
that the Board should approve this recommendation and this was carried 
unanimously. 

(c) Appointtnent of Temporary Visiting /Ige/d.—The Chairman 
announced that Mr. J. E. B. Bnillie-Hamilton had agreed to visit and 
report upon St. Coombs in September next. 


Rs. 10,400 00 

,, 2,150 00 

,, 6,500 00 

,, 1,500 00 


Rs... 20,550 00 
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(d) Roads, —The Secretary read a letter from the Superintendent, 
aFking* for an increase in the estimate for roads. 

The Chairman asked the Board to sanction the expenditure recom¬ 
mended by the Estate Sub-Committee. 

I'his was agreed to, 

7.—BUNGALOWS—ARCHITECT’S REPORTS 

The Chairman said that copies of the Architect’s Reports Nos. 12-14 
had been sent to each member of the Board. 

Reporting progress made since last Meeting the Director stated 
that the r(K>f to No. 1 Bungalow was practically completed; and the roof 
trusses were on to No. 2 Bungalow. He anticipated that both Dr. (iadd’s 
and his Bungalow (Nos. 5 and 6) would also shortly be ready for the iron 
work of the roof. 

I'hree of the Junior Staff Bungalows were being occupied, the 4lh. 
should be completed in about a month’s time. 

The quarters for the Subordinate Staff were also completed and ready 
for occupation, the two clerks* quarters were well advanced and should be 
ready w'hen required. 

8.—FACTORY EXPERIMENTAL MACHINERY 

Rollers, —Mr. Whitehead said he had been in consultation with 
Dr. Evans and the Director regarding^ the small scale experimental machi¬ 
nery. The Director had receiv^ a quotation from Messrs. Marshall, Sons 
& Company for a small 16 in. roller specially designed by them. This would 
take about 30 lb. withered leaf and could be adapted locally to deal with 
smaller quantities by fitting a liner and adjusting the pressure cap. The 
quotation for each roller was £106 cJ,f, Colombo, so that the cost at the 
factory would be about Rs. 1,500. He considered this a very favourable 
figure and suggested that two rollers should be first ordered, the other 
two being obtained after tests had been carried out on these. 

Withering Tuts, —Mr. Whitehead submitted a design for a movable 
bank of tats capable of taking about 42 lb. leaf and costing about Rs. 200/-. 
The matter had be-en discussed with Dr. Evans, and it w^as considered that 
eight such tats would be necessary. 

Driers, —To avoid the use of separate heating stoves, Mr. Whitehead 
suggested that the experimental small scale drier should be connect el up 
by a manifold to one of the existing T. T. Driers, A design of the 
proposed arrangement was shewn. Both hot and cold air manifolds would 
be provided with valves permitting of temperature adjustments and the 
direction of circulation of the hot air could also be controlled. It was 
estimated that a drier of four units on these principles could be constructed 
for about Rs. 2,000/-. 

Roll Breaker, —Mr. Whitehead’s design allowed for the use of the 
framework of an ordinary roll breaker, provision being made for the inser¬ 
tion in this of four separate and movable selves, each with its own catch¬ 
ment box. In this way four different samples could be dealt with 
simultaneously. The cost was estimated at Rs. 1,500/-. 

The Chairman explained that on the basis of the above proposals 
which had been approved by the Estate Sub-Committee, the total cost of 
the experimental machinery, exclusive of erection, would be about 
Rs. 11,500/- vix:. 

4 16-in. Rollers ... ... Rs. 6,00000 

8 Movable Banks of Tats ... ,, 2,000 00 

1 4-unit Drier ... ... ,, 2,00000 

1 Roll Breaker ... ... „ 1,50000 


11,50000 
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This estimate was necessarily an approximate one, but there was 
every reason to believe it would not be exceeded. The cost would be 
covered by the grant of £1,000 made by the Empire Marketing Board lor 
experimental machinery. He proposed the following resolutions : 

(a) That two experimental rollers be now ordered, purchase of the 
other two being deferred until tests have been carried out. 

(h) I'hat one withering tat be first constructed by Mr, Whitehead in 
consultation with Dr. Evans, construction of the remaining seven 
being put in hand if these be found satisfactory. 

(c) That a four-unit drier be constructed on the lines suggested, one 
unit, however, being first made for experimental lest. 

(d) I'hat one roll breaker, as described, be constructed. 

These resolutions were agreed to by the Board. 

Mr. Horsfall proposed that the Director of Agriculture be asked to 
take the necessary steps to obtain exemption from import duty for tlie 
experimental machinery intended solely for tea research work. 

9.—STAFF 

'i'hc Chairman announced that the Plant Physiologist had now taken 
up his residence in one of the Junior Scientific Staff Bungalow’s at St. 
Coombs, and that tlie Biochemical Research Assistant had also taken up 
his duties at St. CcHnnbs as from 1st July 1930. 

10.—CEYLON NURSING ASSOCIATION 

live Chairman reported that the Senior Scientific Staff Officers had 
agreed to the terms of contribution to the Ceylon Nursing Asso<'iation. 

The Chairman asked confirmation that the Board would contribute a 
like amount. 

Ill is was agreed to. 

11.—EMPIRE MARKETING BOARD 

The Chairman announced that a letter had recently been received from 
the liimpire Marketing Board, sanctioning a capital grant £1,000 for the 
purpose of experimental machinery. 

A cordial vote of appreciation w^as recorded to the Eniipre Marketing 
Board for this grant. 

12.—PROVIDENT FUND FOR THE JUNIOR 
SCIENTIFIC STAFF 

The Chairman regretted that the Sub-Committee appointed to go into 
this matter had been unable to do so, a meeting w^as being held after tlie 
Board meeting that day. The recommendations of this Committee would 
be circularised in due course. 

13.—T. R. I. CONFERENCE, 1931 

The Chairman explained that the policy adopted by the Board w’as to 
hold a Conference bi-annually, alternately with the Conferences held by 
the Department of Agriculture. On this basis the next Conference should 
be held in 1931, and after consultation with the Director, the 26th and 27th 
February w-ere suggested as suitable days. The Institute Staff was strongly 
of opinion the Conference should be held at St. Coombs. He held the 
same view and thought the Board would be in agreement with this. The 
Institute would then be in its new home and the new laboratories in wHvrking 
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order, while the experimental machinery would also be operating. 
There would, therefore, be much of interest to see at St. Coombs, and 
the Conference, if held there, would also provide excellent opportunities 
for valuable informal discussion between visitors and the Staff. Some 
District Planters’ Avssociations had suggested that the Conference should 
be held at Kandy, but he was able to say that at the General Committee 
Meeting of the Planters’ Association of Ceylon held that morning the 
suggestion had been withdrawn. Although sleeping accommodation could 
not be provided at Si. Coombs, such accommodation would be available at 
Nuwara Eliya and Hatton, both within easy reach. Adequate arrange¬ 
ments could be made to supply lunch and tea, and he was confident that 
everything would be done to provide for the comfort of visitors. He 
therefore formally moved that the Conference be held at St. Coombs on 
26th and 27th February 1931. This was carried unanimously. 

Hon. Dr. Youngman mentioned that the Agricultural Department Con¬ 
ference would be held in September or October this year, but this would noi 
in any way clash with the Institute’s meeting. 

14.—LETTER FROM DIRECTOR, TEA 
INSTITUTE OF PERSIA 

The Chairman referring to the letter received from the Director of 
'Tea Institute of Persia, which had been sent to each Member of the 
Board under cover of Circular No. A. 17/30, dated the 23rd June 1930, 
asked the Director to give his views on the matter. 

Dr. Norris said that when the Director of the Tea Institute of Persia 
visited Ceylon last year he promised to give him certain assistance in the 
way of obtaining tea seed in Ceylon. 

He had now w'ritten and asked if the Institute could arrange for a 
further supply of 50 maunds of seed, as well as to get him four specialised 
tea labourers (natives of Ceylon) to go over to Persia. Three men for tea 
cultivation and one for tea manufacture (as chief of a factory). It was 
necessary that all four men shouW know a little English, 

It was decided that the Director of Tea Institute, Persia should be 
referred to regular suppliers of tea seed. Further that these suppliers might 
be able to assist the Tea Institute with regard to engaging the Stall for 
Persia. 

15.—ESTATE SUB-COMMITTEE 

On the Chairman’s recommendation the appointment of M r. Jas. 
horbes (Jun.) on the above Committee {vice Mr. D. S, Cameron) and 
Dr. R. V. Norris were confirmed. 

Referring to the Report of the Estate Sub-Committee held on the 4th 
July, the Chairman moved, and it was unanimously agreed that the various 
recommendations embodied in the Report other than those already dealt 
with at this meeting be approved. 

16.—-PUBLICATIONS 

The Chairman said that a proprietary planter had made application 
for free issues of the Institute’s publications, his estate still not being in 
bearing. He asked the Board to allow this application which was 
agreed to. 

The Meeting terminated with a vote of thanks |o the Chair. 

R. R. MURAS, 

Actg» Asst, Secretary* 
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DEPARTMENTAL NOTES 


PADDY CULTIVATION COMPETITION IN BINGIRI 
PALATA. CHILAW DISTRICT (MAHA SEASON, 

1929-30) 


T HROUOH th(‘ gencrosilv of Mr. W. Wijetunga, morchanl of 
Mawila, a ^old medal was ollVred for eompetiiion amongst the 
paddy cultivators of Ihngjri Palata in Cliilavv District during 
tile Maha Season, 1929-30. 

The competition was well advertised, but only 14 competi¬ 
tors (altered th(.* (cimpetiiion from three villages. I'he paucity of entrants 
was due to the s(*vere drought experiimeed during the p/riod of culliv\ation. 

It was evident that the cultivators had taken great pains in spite of the 
existing trying conditions and that everyone of the comjietitors had done 
better than they would have under ordinary ('irc umstances. 

Of the competitors only otie had transp’anted, bin all had manured 
their fields well with bone and green manures. Particular attention to 
weeding liad also been paid. 4'he fields entered for competition showed 
a marked dilTerence from other fields, thus testifying to the fact that the 
competitors had paid iittention t.(3 every detail of work. 

The winner in the competition, H. M. Herathamy, I'pasakarala, was 
the only entrant who had transplanted. His fields were dfn'ough'out free 
from weeds, 'fillering^ was not quite satisfactory, owing perhaps, to the very 
sandy nature of tht^ soil. Mention may also be made of the fields enterial 
by H. M. Appuhamy, \bdane Arachclii of Medagama. 


CHILLI CULTIVATION COMPETITION, WALAPANE, 

1 929-30 

A el/illi cultivation competition was organised during 1929-30 in 
^\'a]apane Division, .Nuvvara Hliya District, when 46 cultiva¬ 
tors took part. 1'he gardens entered for competition varied 
from extent. Most of them were well cultivated, 

planted, weeded and drained. 

I'hc final judging was done by Mr. F, D. Peries, when the following 
were adjudged prlz(‘-winners: 1st prize E. W. \bdane of Maligatenne 
Rs. 40-00; 2nd prize Punchi Rala of Puwakwatlegedara Rs. 20-00; 3rd prize 
Mekappu of Hogodagedera Rs. 10-00. Departmental certificates were also 
issused to the winners. 


VEGETABLE GARDEN COMPETITION, PALLESIYA 
PATTU AND AMBANGANGA KORALE IN 
MAT ALE EAST, 1929-30 


A vegetable garden cultivation cemipetition was organised in 
Pallesiya Pattu and Ambanganga Korale in Mat ale East during 
1929-30, when 36 cu]tivat^)rs took part. 

'fhe keenness displayed and the interest taken by the com¬ 
petitors is noteworthy, though the gardens were adversely 
affected by the drought then prevailing. 

The Ratemahatmaya of the Division rendered valuable assistance to 
the Agricultural Instructor, through his minor headmen. 

The final judging was done by Mr. F. D. Peries, Senior Agricultural 
Instructor, when the following were adjudged prize-winners: 1st prize L. B. 
Weeragama Rs. 30^-00; 2nd prize Allis Appu of Pallegama Rs. 20-00. 
Departmental certificates were also issued to the prize-winners. 
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PRINCIPLES OF TROPICAL AGRICULTURE* 


T his book aims at presenting first, the general principles under¬ 
lying agricultural operations in the tropics, and then, the methods 
adopted in agricultural practice there without reference to any 
particular crop. 

In the first part where the general principles are enunciated 
the treatment is along the usual lines of text-book information although 
a pleasing aspect is originality of statement and presentation. 

The second part of the book is essentially practical and presents its 
subject with many refreshing features. It briefly explains the aspects of 
tropical agriculture, including some of importance that are often not found 
in general text-books, such as the wet cultivation of rice, drainage and 
erosion, important subjects in Ceylon. 

There is a useful chapter on manures, farmyard, compost, and chemical, 
and other fertilisers, whilst the subject of cover-crops and green manures 
form the substance of another chapter. The problems that “where 
rice is grown, the cultivator is so apathetic and the difficulty of draining 
water off the land is frequently so great that other crops are seldom grown 
in alternation’* envisions the more general possibility of rice appearing in 
a system of rotation in a scheme of advanced agriculture. 

The final chapter contains sugg*estive aspects of the economics of crop 
production in the tropics. 

There are a few minor blemishes here and there. There are some 
biological aspects which on account of their importance might with advan¬ 
tage have received fuller treatment. Such for instance is the subject oJ 
weeds, amongst which perhaps the authors, like all good farmers, arc not 
very happy. Mistletoe and Loranthus are rather sorry examples to give of 
parasitic weeds. A statement that causes one to think is that “plants and 
even trees may come to be regarded as weeds on account of their serving 
to harbour pests and diseases, or on account of their poisonous character 
or their ability to inflict injury on men or beasts with which they come 
in contact. Thus, the Silk Cotton tree {Eriodendron anfractuosum) is 
regarded as a w^eed in certain West Indian Islands owing to the fact that 
this tree harbours cotton slainers. “ 

The process of fertilisation as described on page 29 whereby the 
nucleus of the pollen grain “passes down the pollen tube and fuses with the 
nucleus of the ovule” is not strictly accurate. 

The statement on page 286 with regard to vegetative propagation that 
“the employment of stem cuttings is limited to dicotyledonous plants, 
monocotyledons being incapable oi* reproduction by this means” is rather 
remarkable when one remembers the method of propagation of the sugar¬ 
cane and many grasses. 

The book is on the whole an interesting one suitable not only for 
the young student of agricultural practice but worthy of a place upcm the 
bookshelf of the thoughtful planter of tropical crops.—W.Y. 

* Principles of Tropical Affriculture by H. A. 7'empany and G. E. Mann. Published 
under the auspices of The Incorporated Society of Planters, Malaya, Kuala Lumpur, 
F M. S. 


THE DENHAM TILL BUD MOTHER RECORDER^ 

T his recorder consists of a series of charts bound in book form. 

These charts are for registering the yield of dry rubber from 
individual trees on art estate. Their use is to be recommended 
to those who desire, as all should, to note in an orderly and 
scientific way the data for trees which may be used, or it later 
may be desired to use, as mother trees for budwood.—^W.Y. 

* till Bud Mother Recorder. Colombo Apothecarres Company, Ltdi 

Rs. 25/- nett. 
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ANIMAL DISEASE RETURN FOR THE MONTH 
ENDED 31st AUUUST. 1930 




No. of 
CUBCA Up 




Bal¬ 

ance 

111 


Province, &c. 

Disease 

to Date 
since 

Fresh 

Cases 

Reco¬ 

veries 


No. 

Shot 



Jan, 1st 



Q 




1930 







Kinderpesl 

711 

84 

125 

478 

16 

92 

Western 

Foot-and-mouth disease 
Anthrax 

262 


252 

10 


... 

Piroplasmosis 

Rabies (Dogs) 


... 

... 

... 

... 

... 



Rinderpest 

Foot-and-mouth disease 

447 

4 

434 

12 


1 

Colombo 

Municipality 

Anthrax 

Haemorrhagic 

Septicaemia 

17 

6 

9 

« «• 

17 

(> 




Black Quarter 

2 


... 

2 




Kovine ruberculosis 
Rabies (Dogs) 

10 

1 

... 



10 

Cattle Quarantine 

Rinderpest 







Station 

Foot-and-mouth disease 
Anthrax 

503* 

142 

• «« 

503 




Rinderpest 

Foot-and-mouth disease 

650 

2 

646 


2 


Central 

Anthrax 

2t 

... 

... . 

2 




Piroplasmosis 

4 

... 

1 

3 




Rabies (Dogs) 

10 

4 


8 


2 


Rinderpest 

218 

69 

42 

169 

7 

... 

Southern 

Foot-and-mouth disease 
Anthrax 

269 


263 

6 


... 


Rabies (Dogs) 

1 


” 

1 


... 


Rinderpest 

4 


1 

" 3 ‘ 




Foot-and-mouth disease 

2975 


12905 

70 


... 

Northern 

Anthrax 

Black Quarter 

224 

42 

... 

224 

... 



Rabies ( Dogs) 

5 




... 

3 

Eastern 

Rinderpest 

Foot-and-mouth disease 

100 


98 

2 

... 



Anthrax 


... 



... j 



Rinderpest 

1 4594 

458 

“29r~ 

3408 

26 

----- 


Foot-and-mouth disease 

1 130 


130 

... 



North-Western 

Anthrax 

PI euro-Pneumonia 

i 


... 


... 

... 


(in Goats) 

50 

... 


50 

... 

... 

North-Central 

Rinderpest 

Foot-and-mouth disease 

50 

1069 

50 

2 

1045 

44 

24 


4 


Anthrax 




... 



Uva 

Rinderpest 

Foot-and-mouth disease 

72 


72 





Anthrax 








Rinderpest 

63 

... 


~‘54 


2 


Foot-and-mouth disease 

1453 

86 

1443 

10 

... 

... 

Sabaragamuwa 

Anthrax 

Haemorrhagic 


... 



... 


i 

Septicaemia 

48 

39 

... 

48 I 

... 

... 

1 

1 

Rabies (Dogs) 

13 

1 


4 


9 


* J case in a buffalo, 
t One suspected case. 


G, V. S. Office, 

Colombo, I2th September, 1930. 


G. W. STURGESS, 
Government Veterinary Surgeon, 






















METEOROLOGICAL REPORT 

AUGUST, 1030 


SUtlon 

Temperature 

Humidity 

Amount of 
Cloud 

1 Rainfall 

Mean 

Maximum 

Dif¬ 

ference 

from 

Averaiie 

Mean 

Minimum 

Dif¬ 

ference 

from 

Average 

>* 

Pi 

Night (from 
Minimum) 

'S 

§ 

E 

< 

'6s 


Difference 
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The first week of August was one of fairly vigorous monsoon with 
heavy rain on the south-west slopes of the main hills, moderate rain in the 
low-country on the windward side, and very little rain on the lee side. 
From the 7th to the 16th there was very little rain anywhere, while during 
the latter half of the month the monsoon gradient slackened and there was 
moderate rain, largely of the thu*nderstorTn type, on both sides of the 
island. 

The resulting totals for the month were appreciably below average in 
the south-west quarter, notably in northern Sabaragamuwa, where deficits 
of over five incdies were common. Small deficits preponderated in the W.P., 
C.P., S.lh, N.C.P., and N.P., while in the N.W.P. small deficits and 
small excesses were about equally balanced. 

In the E.P. and Uva the majoritv of stations passed their average, 
though in only a couple of cases was iWe excess as much as 5 inches. 

The highest total for the month was 21-43 inches at Watawala, which 
however was? 5.59 below its average. Totals of over 20 inches were 
reported from the neighbouring stations of Blackwater, Padupola and 
Kenilworth. 

Only one station (.Alagalla) reported a fall of as much as five inches 
in a day, but there were only about a dozen stations that failed to record 
anything in the whole month'. 

The duration of bright sunshine was well above average throughout, 
and the clearness that this implies also shows in the table above, by the 
way in which the mean temperatures are nearly all above average by day, 
and in the majority of cases below " ft by night. 

Pressure was consistently in slight excess, while wind averages were 
■ibout normal, 

^ A, J. BAMFORD, 

Superintendent, Oltservatcny. 
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EDITORIAL 


MARKETING OF CULTIVATOR’S CROPS 


T he greatest factor making for the possibility of the culti¬ 
vator of the soil producing mort* than the mere suffici¬ 
ency to keep himself and his family and so advancing 
to a grt‘ater or less extent to the [)osition of a business 
farmer is the [iresence of easily accessible markets. Here he 
passes on the crops from his fields ('ithcr directly to those who 
want them for their own ('onsumpiion or to merchants to distri¬ 
bute them, and he receives in exchange something with which to 
pur<’hase some of the other amenities of life. 

If for any reason the cultivator cannot thus pass on that 
which his lands have been made to yield he ('annot advance 
l)eyond that of an individualist or at most a unit in a family or 
village community. It is the thought of this individualistic 
existence, and often a bare one at that, which mak('s so much of 
the discontent with rural life, amongst the vouth of the country 
side and drives them to the town. IFnforlunately bare existence 
is the lot of so many of the cultivator class. Their paddy lands 
rarely produce enough to keep them for more than a few months 
and if they possess dry lands the crops from them are too often not 
more than sutticient for the remaining months. .Should they be, 
however, they are not easy of sale. Ideally, in many countries, 
types of agriculture centralise around the towns according to the 
distance from the town. Nearby we have the market garden 
cultivation giving vegetables and fruits best quickly put upon the 
market by animal transportation, whilst further away we get food 
non-perishable material carried by rail and river 
Whilst we are but a small Island busy markets are few and this 
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fact is a limiting factor in the disposal of much of the cultivator’s 
produce. A problem for the solution of which the Agricultural 
Department must seriously search is this means of marketing 
produce when cultivation has yielded it. On the experimental 
areas under the Department the greatest difficulty is often 
experienced in selling the crops and thus one can imagine how 
important a factor is similar disposal in the case of those humbler 
people, to help whom the Department exists. Indeed this diffi¬ 
culty itself must often prevent the cultivator from practising 
rnore intensive methods. Small quantities of .such produce as 
gingelly, chillies, groundnut, pineapples, and vegetables raised 
on the experimental areas have during the past year been 
extremely difficult to dispo.se of at anything like their proper 
market value. As an experiment in the Southern Province the 
Divisional Agricultural Officer is collecting the vegetables and 
fruits from the surrounding .stations for di.sposal in Galle. At 
venture is being made of a weekly sale at the Divisional 
Office, but later if this proves successful the experiment of a 
f^rmanent stall on the local market may be tried. Surrounding 
ffie Chilli Experiment .Station at Weraketiya in the same 
I rovince, it will be tried, with the help of the Co-operative 
Uepartment, to organise a scheme of co-operative collection and 
sale of dned chillie.s by those who grow them. An impediment 

i difficulty in selling the produce 

whdst imported chillies are to be seen everywhere. It is hoped 
that eventually out of the.se small beginnings at collective market¬ 
ing many more and successful schemes may be developed. 
Co-operative marketing is without doubt a solution to many of 
our cultivator’s difficulties. ^ 
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THE CONTROL OF TEA TERMITES 


F. P. JEPSON, M.A., 


ASSISTANT ENTOMOLOGIST, 
DEPARTMENT OF AGRICULTURE, CEYLON 


T he termites which are of imporUxnce in connection with 
the cultivation of tea in Ceylon are, with few exceptions, 
species which nest above the ground, and they belong 
to the genus Caloicrnics. There are three local species 
which attack tea, Caloicrnics mililaris, Calotermcs dilatatus and 
Calolermes grccni. 

Calotcrmes mililaris is mostly active at higher altitudes and 
is a serious pest in the Maskeliya and Dimbula districts, although 
it occurs, also, in other districts .and we have three records of tea 
being attacked in the Ratnajnira district by this species. Bushes 
attacked by Calolermes mililaris are completely hollowed out, 
often only a shell of bark and c.ambium remaining. 

Calolermes dilatalus is mainly .a low-country species although 
we have found it as high as the Kandy district. It is prob.ibly 
the species which most planters are familiar with. It does 
not exc.avate the large central cavities characteristic of 
Calolermes mililaris, but forms an extensive system of galleries in 
the branches and u[)per portions of the bush, only descending to 
soil level in advanced cases of attack. 

Calolermes ^reeni occurs from sea level to about 4,000 feet. 
It forms galleries somewhat similar to Calotcrmes dilatatus, only 
that they are larger and more extensive. It is probably the most 
widely distributed of the Ceylon Calolermes but fortunately it is 
the least common species found in tea bushes. A very favoured 
host plant is Grevillea, and trees killed by this species are 
commonly met with in most parts of the Island where they are 
grown. It is possible that the previously unexplained mortality 
of Grevilleas over large areas in certain districts has been due 
to the agency of this species. The appearance of attacked trees 
is very characteristic, the tops dying back. The termites gain 
entry, in the winged stage, only through the dead snags of 
branches which have been carelessly lopped. 

' A new species of Calolermes has been found in the Maskeliya 
arid Pundaluoya districts, but so far only in tree stumps and 
toona, but there is no reason why it should not also attack tea. 
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One is often asked where these pests of tea have come from. 
The species represented here are all peculiar to Ceylon, 
although, of course, other s})ecies of Calotermes occur in other 
countries. Originally our species inhabited jungle trees. We 
have a very extensive list of host plants of the different species 
which includes many jungle trees. Large areas of a woody plant 
like tea furnished with ample points of entry for the winged 
stages in the form of dieback branches and dead wood provide, 
on a large scale, eminently suitable breeding grounds for these 
insects which are undoubtedly on the increase and, in my opinion, 
constitute a very serious menace to the Ceylon tea industry in 
the future. Most other pests of tea cause some loss of crop 
which is often slight and may be merely seasonal. Calotermes 
kills the bushes which it infests and, consequently, these pests 
are responsible for considerable capital depreciation of e.state 
properties. 

Unfortunately we still have a good deal to learn regarding 
the habits of tea termites, and it is essential that their habits 
should be completely understood before we can hope to arrive at 
a satisfactory form of control. The period occupied during the 
life-cycle from egg to winged adult is not known. We have been 
breeding them in captivity for the past three years but well- 
grown larvae obtained from eggs two and a half years ago still 
show no indication of transforming to the winged reproductive 
state. There are .several different castes or stages of the same 
insects in a Calotermes colony. In addition to the original 
founders of the nest, the so-called royal couple, there are eggs, 
larvae, nymphs in various stages of development, soldiers and 
wingless reproductive adults. As a rule the latter are only 
produced when the Colony has been orphaned by the death of 
either the king or queen or both. We have produced this stage 
from eggs in captivity in nine months in the case of Calotermes 
militaris and also Calotermes dilatatus. The function of the 
.soldiers is supposed to be concerned, chiefly, with the defence of 
the colony against invaders. They are an important aid to the 
idendty of the species, the arrangement of the teeth of the mandi¬ 
bles being a valuable .specific character. Calotermes colonies are 
normally established by a winged pair which enter woody plants 
to which they are attracted through a wound or snag. They 
excavate a small cell, seal over the entrance, .shed their wings and 
become the founders of a new community. The number of 
individuals in a colony may be anything up to 5,000 or more. 
We believe that the winged reproductive stage as only produced 
when required and that the transformation to this state is oUly 
proceeded with when overcrowding or shortage of food renders 
this step necessary. It is when a flight takes place that the 
insects pair off, enter plants and found new colonies. 
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Turning to the matter of control, this presents three distinct 
problems, 4stly the prevention of initial attack, secondly the 
destruction of the colonies in plants which have become infested 
and thirdly, the prevention of re-attack of bushes which h^'^® 
been relieved of their invading colonies by treatment. Of these 
problems, the most important is, obviously, the prevention of 
attack in the first place. It has already been mentioned that 
entry to woody plant is effected by means of the winged stages 
through decayed wood in the form of snags, etc. In the absence 
of such weak spots the insects are incapable of penetrating to the 
heartwood of the plants to which they are attracted. Unfortu¬ 
nately the periodical pruning of tea bushes leads to the dying 
back of a certain number of the pruned branches and the decay 
of the.se branches extends into the sound wood resulting in the 
condition usually known as “branch canker’’ or “wood-rot.’’ 
This condition is extremely prevalent in Ceylon and is respon¬ 
sible for the loss of a considerable amount of frame on the 
majority of tea estates, d'here are many views*as to the cause 
of diebacks such as lack of food reserves in the root system, 
method and season of pruning, and so on, but it is certain that 
there is still much to be learnt on this important subject. Per- 
•sonally, I consider this matter is more in need of immediate 
investigation than any other problem connected with the tea 
industry in Ceylon at the present time. I feel confident that 
if diebacks after jiruning can be prevented the problem of Calo~ 
termes control will be automatically solved. Until we know the 
cause of diebacks after pruning and until their occurrence can be 
avoided we are unable to prevent termites from gaining admit¬ 
tance to the bushes, and have to resort to a method of destroying 
the in.sec.ts after they have gained entry. 

The destruction of large colonies of termites in tea bushes 
has presenteil many difficulties. As even a few survivors are 
able to refound a colony, nothing less than a 100% mortality 
could be aimed at. It was necessary, therefore, that the treat¬ 
ment should kill every inhabitant of the termite colony without 
injuring the bushes or affecting the quality of the leaves required 
for plucking. We have tried everything we could think of which 
might have the desired effect but without fulfilling all the neces¬ 
sary requirernents. When on leave in 1928 I visited America to 
consult Dr. Snyder, one of the most prominent termite authori¬ 
ties in the world, regarding our problems here and he advocated 
trying Paris Green. Now, we had already tried Paris Green 
against Calotermes militaris in 1926 with marked success but we 
had abandoned it ojwing to a report that the treatment had led to 
arsenic being deposited in the leaves of treated bushes. 
Dr- Snyder suggested that we should renew the trials having 
careful analysis made of the leaves for some months following 
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treatment. These trials have now been in progress for over a 
year and periodical analysis of the leaves of treated bushes have 
been made by the Government Analyst for a period of twelve 
months. In no case has any trace of arsenic been found nor has 
the treatment resulted in any injury to the bushes. Furthermore 
a 100% mortality can be assured within about three months if the 
Paris Green penetrates to any portion of the occupied termite 
workings. The treatment can, therefore, be claimed to be 
a complete success against Calotcrmes militans at all events. 
Many acres have now been treated in this manner in the 
Maskeliya and Dimbula districts and very encouraging reports of 
the treatment have been received. 

Now, it must be admitted that Calotcrmes militaris lends 
itself to this method of control more readily than Calotcrmes 
dilataius as there is no difficulty in penetrating the active workings 
of the former insect as they are to be met with about soil level in 
the main stem. 'Fhe method of application is to bore a hole into 
the stem with a gimlet and blow in about one-twelfth of an ounce 
of Paris Green powder by means of an enema syringe of ball 
pattern. The perforation should then be plugged with cement, 
asphalt or other efficient seal. In the case of Calotcrmes dilatatu’s 
it is often extremely difficult to locate the site of the galleries. 
If they can be found, and the Paris Green introduced, the results 
should be as effective as they are in the case of Calotcrmes mili¬ 
taris. The fact that bushes are attacked by Calotcrmes is often 
evident to the pruners who, after all, have a better opportunity 
of discovering infested bushes thnn anyone else. I suggest that 
as a means of marking such bushes the pruners be instructed to 
eave, unpruned, one prominent branch on each bush they find to 
be attacked. In this way such bushes will be evident to the 
trained coolies who follow the pruners to treat infested bushes 

with I aris Green. After treatment the indicator branch can be 
removed. 

Inquiries have been made in America as to the possibility 
of de.signing a microphone for locating bushes which are infested 
by Calotcrmes similar to those used for detecting other boring 
insects but, although a delicate apparatus for laboratory use 
might be possible, there seems little chance of obtaining an 
instrument suitable for work in the field. 

The expenditure incurred in destroying large colonies of 
termites within the bushes which they infest is only partly justi¬ 
fied if the treated bushes are liable to become re-infested almost 
immediately after treatment. The cleaning-up of bushes and 
the removal of dead and diseased wood are essential if Calo- 
termes attack is to be prevented, particularly that of Calotcrmes 
dilataius and Calotcrmes greeni. The problem of preventing the 
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re-invasion of treated bushes is really identical with that of pre¬ 
venting initial attack. I'he maxim; “prevention is better than 
cure” is certainly one which should be borne in mind where these 
pests are concerned. It is obviously preferable to deprive the 
winged termites of their means of gaining entry to the bushes 
than to destroy them after they have entered and then attempt 
to prevent the establishment of new colonies in the same bushes 
at a later date. In my opinion the true form of control of the 
tea Calutermes is preventive rather than curative. Prevention 
of attack can only be secured by depriving the.se insects of the 
decayed wood which is essential for the commencement of their 
attack and, again, I consider this end is best secured by the 
prevention of diebacks after pruning. In short, I believe that 
the prevention of Caloiermes attack of tea really resolves itself 
into the prevention of diebacks. 

Any method of destroying these pests in bushes which have 
become infested is, however, a valuable subsidiary control 
measure and the Paris (Ireen treatment is the cheapest and most 
effective method we know of at the present time. I'he destruc¬ 
tion of millions of potential winged reproductive Caloiermes 
adults per acre will certainly tend to reduce the risk of inva.sion 
of unattacked bushes or those which have been relieved of their 
infestation by treatment. In this w.iy the spread of the pests on 
estates will be curtailed as it will, also, from estate to estate and 
from district to di.strict. 
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COELOGYNE DAYANA 

K. J. ALEX. SYLVA, F.R.H. S., 

ACTING CURATOR. 

HAKGALA BOTANIC GARDENS 

Coclogyne I'fo.yavci, Reichb. belongs to a noble race of pseu¬ 
do-bulbous epiphytic orchids comprising over hfty named species 
distributed in the tropical and sub-tropical regions of Asia. The 
genus occurs at various altitudes in India, Romeo, Malaya and 
China. Mo.st of the species are beautiful and therefore favou¬ 
rites in cultivation. 

The genus is divided into two sections, viz., the true Coelo- 
gynes, most of which have beautiful, thick, and large foliage, 
with droo{)ing racemes, and the Plt;iones which have the peculiar 
habit of throwing out Howers from the soil even before the 
appearance of any leaves. Coelofryne Dayana is indigenous to 
the high forests of Borneo where it is found growing on tree 
trunks and rocks. It was Introduced into Ceylon about 1890. 

It has handsome long j)licate leaves produced from the apex 
of the long ovoid pseudo-bulbs. It is also very conspicuous for 
its large brownish coloured flowers borne alternately on a long 
droof)ing raceme two to three feet long. I he flowers last for 
nearly 20 to 25 days. 

For successful cultivation of the members of this genus a 
certain amount of light and warmth is required. A good rooting 
medium for large leaved Coelogynes of the type of C. Dayana 
may be made up of equal jrarts of decayed wood, old coconut 
husk, small bits of bones and charcoal and a good quantity of 
half-decayed leaves or Sphagnum moss. The latter should be 
chopped finely before being mixed up with the compost. Coelo- 
gyne as a rule has a tendency to grow and lead on in one direction 
till it reaches the rim of the receptacle, indicating that it needs 
repotting or rebasketing. The plant, however, does not 
tolerate much disturbance and it should not be too frequently 
tampered with. Repotting, therefore, should be avoided unless 
the compost is old and sour or the plant is oVergrof^n. 



Coclogyne Dayaim, Reichb. 






197 


Coelogynes may be grown to best advantage in shallow per¬ 
forated pans or teak baskets suspended from the roof of the green 
house or verandah in the warmest position. Sections of the 
Tree Fern (Alsophila or Hemitelia) cut up into lengths of 6 to 12 
inches have been found handy for its cultivation. The thick 
base sections of the fern trunk can be used after scooping out the 
soft and pithy substance and filling them with the above compost 
in a fine state. The plants need top-dressing as soon as the 
flowers are over. All Coelogynes will welcome an ample supply 
of water during the growing season and watering should be 
continued till the plants come into bloom, and then the supply 
should be reduced, d'he syringe may be used freely during the 
dry weather to keep the foliage fresh and to prevent any undue 
shrivelling of the pseutlo-bulbs. Propagation is affected by 
carefully dividing the pseudo-bulbs with a growing lead to each 
divisif)n. Old anti leafless pseudo-bulbs rarely produce new 
plants unless they are severed with a sound and healthy root- 
stock. 
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WEEDS 

DUNCAN J. DE SOYZA, DIP. AGRIC. (POONA) 
DEPARTMENT OF AGRICULTURE, CEYLON 

T he question of weeds and their control is one of the most 
pressing problems that confront the cultivator. A 
“weed” may be described as any plant that does not 
form part of the existing crop. Most frequently weeds 
are useless plants, but useful and economic plants may also 
become pests when they persist in making their appearance in 
places where they are not wanted. In this way brinjal plants 
among turnips are as much weeds, as love-grass among tomatoes 
or wild sunflower among dhalias. 

The effects of weeds on crop production are quite familiar 
even to the ordinary farmer; comparative statistical study on 
crop production has shown that the drain on the soil by allowing 
weeds to grow rank for a year on a plot of land is equal to several 
years’ cropping of the same land without the addition of any 
manure. The objections to the presence of weeds amongst culti¬ 
vated crops are so obvious that it is scarcely necessary to allude 
to them. Most of these objections may be summed up in the 
single word “Competition.” Weeds compete with crops both 
above and below ground; above ground they act as a mechanical 
hindrance, in shutting off the life-giving light, while below ground 
their roots rob the soil of the water and the soluble food consti¬ 
tuents which otherwise would have wholly been used up by the 
standing crop; their root secretions produce toxicity in soils; they 
tend to harbour insects and parasitic fungi and during the absence 
of the cultivated crop, they act as veritable breeding grounds for 
these pe.sts. Often .some of these weeds that are poisonous in 
character, prove fatal to farm animals in being unconsciously 
mixed up with fodder; some may have poisonous yams, which 
may easily get mixed up with the standing tuberous crops; a 
typical example of such a detestable weed, very common in the 
Labuduwa area is the well-known “Devil-in-the-bush,” Glotiosa 
superba, S. Niyangala, which yields extremely poisonous tubers 
that may freely enter the harvest of sweet-potatoes so commonly 
grown in this area. Weed seeds by mixing with the harvest 
have a profound action by lowering the standard of the crop and 
hence its market value. There are 6ther more or less minor 
disadvantages peculiar to special kinds of weeds; climbing weeds 
as Mikania scandens, S. Loka palu, commonly called the 
“World’s ruin” may overrun a crop and consequently bear it 
to the ground; some weeds as Ficus parasitica, S. Gas-netul, may 
strangle other plants by the tightness of its coils, while others as 
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Loranthus longiflorus, S. Pilila, that parasitise upon other plants 
sap the host to such an extent, as to kill it or lower its vitality so 
much as to prevent it from bearing fruit. 

Many of the worst weeds of any district will be found to have 
been introduced into it from some other district or country. In 
spite of the fact that Nature has provided many excellent devices 
for seed dispersal and dissemination of other reproductive parts 
of plants, it has been noticed that most of the undesirable weeds 
have been introduced by human agency, either accidentally in 
being mixed up with seeds of economic crops, or, in many cases 
deliberately, owing to some attractive feature of the j)lant having 
been recognised by a plant lover but not its harmful nature, 
which would be noticed only too late. It is in this way that 
Eichornia crassipes, S. Japan-jabara, commonly known as 
“Water hyacinth’’ or “Lilac Devil,’’ was introduced into Ceylon 
from South America in 1905 as an ornamental plant. This is a 
floating water-weed that multiplies very rapidly by vegetative 
means, blocking channels and tanks within a very short period; 
the damage done by this weed is so great that it is now prohibited 
by legislation. Examples of other foreign weeds found in 
Ceylon are:— Eryngium joetiduni, commonly known as the “Fit- 
weed,” and Mikania scandcns, both natives of tropical America; 
Mimosa pudica, S. Nidi-kumba, the well-known “Touch-me-not” 
plant and Sonchus arvcnsis, the “Sow-thistle,” both natives of 
Brazil; Synedrella vodifiora from Mexico; Tridax procnmbens 
known to jilanters as the “Kurunegala Daisy” from South 
America; Lantana acvlcala, S. (iandapana, introduced as an 
ornamental plant soon after 1824, and Tithonia diversifolia, the 
“Wild sunflower” so con.spicuous in the Kandy district, which 
was brought over as a garden plant as recently as 1851 and 
probably escaped from cultivation at the Royal Botanic Gardens, 
Peradeniya. 

It is very regrettable sometimes to see well-informed agri¬ 
culturists of this country throwing away packing material as 
grass or ferns, in which they receive instalments of plants or 
cuttings, and thereby consciously or unconsciously aiding the 
introduction ami distribution of these weeds. 

The many devices for seed disper.sal found in weeds are 
greatly responsible for their ubiquitous nature; .some weeds as 
those of Vernonia cinerea, S. Monara-kudimbiya, Emilia javanica, 
S. Kadupara, Ageralum conyzoides, S. Hulantala, Erigeron 
sumatrense, the “Alavanga weed,” Dregea volubilis, S. Kiri- 
atiguna, and Calotropis gigantea, S. Wara, possess a silky pappus 
with the aid of which they are blown over considerable distances 
by the wind; seeds of Bidens chinensis, S. Wal-tekola, Cymbo- 
pogon aciculaius, S. Tuttiri, Urena lobata, S. Patta-epala, and 
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Urena sinuata, S. Hin-epala, adhere to passing objects and in 
this fashion they are carried about and dropped; the seeds of the 
last two plants, remain enclosed in the mericarps which break oft 
and fix themselves to any object that happens to brush against 
them. Wikstroemia ivdica, Loranthus longiflorus, S. Pilila, and 
Clerodendron infurtunatum, S.- Pinna, produce berries which are 
carried away by birds that drop the seeds after eating the sweet 
pulp surrounding them, while seeds of Oxalis comiculata, S. Hin- 
embul-embiliya, are scattered about by the explosive mechanisms 
of their fruits. Weeds like Hydrocotyle javanica, S. Maha- 
gotukola, and Centella asiatica, S. Hin-gotukola, spread by 
means of runners or stolons; a great many weeds propagate 
themselves by the production of prolific underground modifica¬ 
tions as corms in Typhonnim Roxburghii, S. Polon-ala, T. trilo- 
batum, S. Panu-ala, Colocasia antiquorum, S. Gahala, and Amor- 
phophallus campanulaius, S. Kidaran; tubers in Cyperus rotundus, 
S. Kalanduru and Gloriosa superba, S. Niyangala; rhizomes in 
Cucurma zedoaria, S. Haran-kaha, and Zingiber zerumbet, S. 
Wal-mguru; suckers in Panicum repens, S. Etora and bulbs in 
lancratium zeylamcum, S. Wal-lunu. Most of these plants that 
propagate by underground modifications are unconsciously dis¬ 
seminated by ploughs and other agricultural implements when at 
work, the small fractions of these subterranean parts that are 
broken off by these implements adhere to them and are carried 
and spread about on the land, where they grow out into new 
individuals that will later produce big colonies within a very short 
period. 

When we consider the multifarious evil effects of weeds on 
the land and crop production, their control is one of the foremost 
problems that beset a farmer. Before we take up the laborious 
task of “Weed control,” we should first of all make a study of 
their life histories; then, and then only, shall we know their 
weakest point for attack. Primarily we should find out their 
methods of infection; whether they seek their way into cultivated 
areas along with manures and irrigation water or through any 
other agencies as cargo and agricultural implements; whether 
by various devices of seed dispersal or by elaborate underground 
methods of dissemination. 

According to the duration of life, weeds may be short-lived 
or long-lived; the former are classed as annuals and biennials, 
the latter as perennials. Many of the weeds of the worst class are 
perennials and they have other methods of reproduction besides 
that of seeding, namely vegetative propagation. In all these 
plants the various forms of modified underground stems remain 
hidden in the soil, while only the green aerial shoots are sent up 
above the surface of the ground, and in the process of weeding, 
only the aerial parts are scraped off, leaving the underground 
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portions intact, which readily sprout out ag'ain. Such weeds 
with the aid of their special contrivances escape the eye, even of 
the most vigilant farmer and in this way [)ersist in the struggle 
for their existence, unyielding to the cultivators’ destructive 
methods, most of which prove futile. Some annuals as MoUugo 
pentaphylla, S. Wal-patpadagam, Euphorbia ihyniifolia, S. Bin- 
dada-kiriya, Phyllanthus Niruri, and F. urinaria, .S. Pita-wakka, 
flower and seed when quite young, so that by the time the farmer 
starts eradicating them they have alreaily dropped seed for the 
next generation. 

Another characteristic which helps in the persi.stency 
of weeds is their readiness for adaptation with the chang¬ 
ing climate and edaphic conditions; this alone is a great asset 
by virtue of which they struggle on when all the more susceptible 
crops have succumbeil to the unfavourable changes in the 
environment: examples of these are met with among the many 
grasses as Echinocloa colona, Eragrostis pilosa, and Elcusinc 
indica. A very noticeable feature that su|)ports the continuous 
[)resence of weeds is the rhythmical succession-of species that 
appear from season to season: this forms a very illustrativ^e study 
to an observant student, interested in the ecology of jdants. 
Examples typical of this behaviour were noticed in the Pera- 
deniya Farm School plots, where the more conservative and 
widely di.stributed Mollugo pentaphylla and Typhonium Rox- 
hurghii were superseded by the more plastic Euphorbia hirta, 
S. Budada-kiriya and Portulaca olcracea, S. Hin-gendakola. 
Another illustration of the .succession of species is seen in the 
paddy fields, when after harve.st as the fields run dry all the 
aquatics as Eiriocaulon cinereum, S. Kudu-matta, E. quinquan- 
gularc, S. Hin-kokmotta, E. sexanguhre, S. Kokmotta. and 
Xyris Pauciflora, disappear and are replaced by dry b nd plants 
as Ageraium conyzoides, Cynibopogon acicukitus, Synedrella 
nodiflora, etc., all of w'hich descend from the bunds and the sur¬ 
rounding areas into the fields, louring this stretch of dry 
unfavourable conditions, the water-loving species perennate in 
the soil by means of viable and hard-coated .seeds. Weeds like 
Potulaca oleracea, Torenia asiatica, S. Kotala-wel, and Alter- 
nanthera sessilis, S. Mukunu-wenna that possess creeping stems, 
rooting at the nodes, persist by the growth of small parts of stems 
left behind during the process of weeding. 

Whenever a new-clearing is started, weeds of the surround¬ 
ing country soon begin to appear upon it and if unchecked may 
by degrees take complete possession of the cleared land, until it 
becomes impossible to grow any crop without the expenditure of 
a vast sum of money in clearing the newK'^-established weeds. 
It is unprofitable to clear more land than can be thrown into 
immediate cultivation; cleared jungle land after “burn-off” is 
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practically free of seeds of weeds, and only just a few arrivals 
from outside will be found scattered about. These first colonists 
should be destroyed before their own seeds ripen; but qnce these 
first emigrants are permitted to set seeds themselves, their pro¬ 
geny springs up in ever-increasing ratios until the whole new- 
clearing is occupied by them. 

The first principle in destroying weeds is therefore to attack 
them before they have time to ripen seed. Extermination of 
weeds would have been easier, if the seeds which fall at a given 
time all germinated at once, but unfortunately for the farmer all 
seeds do not sprout out at the same time; many remain dormant 
for varying periods s<) that they germinate at irregular intervals, 
producing a succession of weeds which in turn mature their fruits 
and drop their seeds at varying intervals; owing to this fact 
constant weeding at shorter intervals is necessary at the start in 
order to put down the numbers. 

Tillage operations will, to a certain extent, lead to the 
immediate germination of a large proportion of seeds which 
.should be followed by systematic repeated weeding. V’^ery often, 
in a new-clearing, seeds that have dropped from large shrubs, 
trees, and giant Hanes, that once formed the wiki flora of that 
jungle area, begin to germinate and produce a progeny that could 
be well reckoned as weeds; stumps of trees when not properly 
grubbed and removed may also sprout out and occur as weeds. 
Many weeds of this class occur in the Labuduwa Experiment 
Station and as examples may be quoted:— Calophyllum Inophyl- 
lum, S. Domba, a large tree; Ochlandra sindula, S. Bata-li and 
Teinostachyum atlenuatum, both shrubby bamboos; Entada scan- 
dens, S. Pus-wel, a giant climber; .Sn/acin reiiculata, S. Himbutu- 
wel, a woody twiner; Ficus asperrima, S. Sevana-mediya, known 
as the “Furniture-leaf-tree”; Dillenia retusa, S. Godapora, an 
undersized tree; Tahernamonlana dichotoma, S. Divi-kaduru, the 
well-known ‘‘Eve’s Apple” or ‘‘Forbidden P'ruit” tree; Cerbera 
Odollam, .S. Gon-kaduru, a moderately-sized tree; Eugenia 
corymhosa, S. Dan, a woody shrub; Heptapleurum slellatum, 
S. Itta-wel, a large climbing shrub; Smilax proKfera, S. Maha- 
kabarassa, a woody climber; an4"^ parasitica, S. Gas-netuI, 
a large tree, at first parasitic on other plants, later leading a 
terrestial life, surrounding the host on which it supports itself 
and kills it by the tightness of its coils. 

Perennials like Nut-grass or Couch grass that propagate by 
underground methods, should be dug out and the subterranean 
parts removed, but any attempt to remove such pernicious weeds 
as these, if not carried out with the utmost care, may merely lead 
to an increase of the nuisance. Weeds of a perennial nature 
Jiould be kept in check by continual mowing down and removal of 
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the green aerial parts, as this will tend to weaken them materi¬ 
ally; repeated pulling up of these shoots as fast as they appear 
results in the exhaustion of the stored food and effectually pre¬ 
vents the elaboration of more, since it is in the leaves that the 
plants manufacture their food. 

Land infected with pestilential weeds, which is not immedi¬ 
ately required for cropping can very often be eradicated by 
introducing another plant which is .able successfully to compete 
with these. Such a successful competitor is seen in Mikania 
scandens, S. Loka-palu, fittingly called the “Mile-a-minute” or 
“World’s ruin’’; this is a twining creeper which grows with 
extraordinary rapidity, weighing down and smothering any plant 
that happens to be on its way. The nature of its growth and the 
extent of damage done by weighing down other plants can be 
easily observed round about Kadugannawa, where this is found 
growing unchecked, pulling down jungle shrubs and smothering 
young coconut filants. This shows that it is a noxious weed 
itself, but in this connection as it is employed for a useful purpose 
it ceases to be a weed for the time being. .Several other climbing 
or straggling [ilants can be used in a similar manner, their only 
necessary qualification being, that they should themselves be 
easy to eradicate, when they have come out successfully in the 
struggle. Much discretion should be used in setting one weed 
to destroy another as it so happens, that the remedy may be 
worse than the disease. 

V’ery often we are askefl to lay down the simplest and 
cheapest methorl for weed extermination. This is far from 
possible, as there is no royal road to the extermination of weeds. 
Scraping off the weeds with a m.amoty is cheaper and less 
laborious than hand weeding, but this method of attack is not 
applicable everywhere and with all kinds of weeds. Weeds with 
underground modifications will not be affected by this method; 
hence the procedure that should be adopted for weed eradication 
varies with the nature of the plant. 

There are some who advocate the use of poison sprays as 
Sodium arsenite, but this seems to be effective only with certain 
kinds of weeds, while the others are left intact. Commercial 
weed-killers can now be had both in liquid or powder form, most 
of the very effective ones containing compounds of Arsenic, 
Sulphuric or Carbolic acids; substances as common salt, crude oil, 
kerosene, or copper sulphate can also be used with effect and at 
less cost. In Queensland, Arsenic trichloride is used with great 
success against Cactus, the substance being applied in a gaseous 
form. 

On level ground a great many weeds can be kept under 
control by the use of good cultivating machines. The regular 
use of a disc-harrow stirs up the soil to a good depth and at the 
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same time removes weeds very effectively. This implement 
could be used with very beneficial results in coconut estates, after 
the first ploughing is done, as is well demonstrated in some of 
the Government Experiment Stations. The use of a good 
plough that turns the soil right over, will not only uproot the 
weeds but will bury and stifle them, preventing them from seeing 
the light again. The indigenous plough is of no use in this 
respect, as it has no mould board and hence it only cuts furrows 
and does not turn over the slice of earth as is done by foreign 
ploughs. The various types of hoes now found in the market 
are also very effective in weed eradication and could be used 
between two rows or over a single row of plants, in the latter 
instance the scraping being done on either side of the row. This 
implement does the dual operation of weeding and mulching the 
soil and is used to great advantage in the cotton tracts through¬ 
out India. In economic crop production, the introduction of 
such improved machinery will not only save labour and time, but 
a high standard of efficiency in the work is obtained. 

After all prevention is better than cure; owing to the 
pre.sence of different climatic belts in Ceylon, ranging from dry 
arid zones, through moist warm districts to temperate regions 
among the hills, many foreign weeds when introduced become 
acclimatised with ease and as pointed out before, great precau¬ 
tion should be taken against the introduction of plants that w'ould 
later turn out to be pests. In this country unfortunately only a 
couple of plants are prohibited by law. 

In the control of weeds we should start by destroying the 
already existing ones and thence take the necessary precautions 
to prevent their further invasion. It is a good custom to bury 
the weeds after removal as they will add much organic matter to 
the soil and in fact will give back all the plant food nutrients 
taken up by them from the soil; but such weeds should be up¬ 
rooted before seeding. Weeds can also be suppressed by a 
careful rotation of crops, as the different cultivation methods 
attack each kind of weed in turn. Above all the importance of 
using pure seed as a check to weed growth should not be 
forgotten; and care should be taken whilst collecting the harvest 
to avoid the inclusion of weed seeds. Further, it will be found 
that clearing up of neighbouring waste lands overgrown with 
weeds and burning or burying them is another useful method of 
attaining the object in view. 

The procedure that should be adopted in weeding and the 
proper degree of weeding are often much disputed points. 
Whether continuous clean weeding should be practised is also 
another query put forward by many planters. Some advocate 
the practice of maintaining throughout a clean-weeded surface, 
but when we consider the greatest problem that is now before us! 
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namely "Soil erosion," continuous clean weeding on sloping land 
should be done only with some degree of caution. Once jungle 
land is cleared of its natural covering of vegetation, the surface 
soil is directly expo.sed to the elements, especially rain water, 
and there begins a continual eroding action on the land. The 
loosened particles of soil move downward partly by gravity and 
partly by the force of water rushing to lower levels. Under 
these circumstances there is a continuous loss of soil from the 
higher regions. Wherever there are contour drains and silt-pits, 
a good amount of labour and time are expended in cleaning and 
throwing up the silted earth. Under natural conditions the rank 
growth of plants on the surface of the land and the accumulation 
of fallen leaves from the trees above, subdue the force of the 
precipitations and whatever water reaches the ground is to a 
great extent absorbed by the thick layer of leaves and humus, 
while the surplus water flows away over the thick carpet of dead 
leaves. In open cultivated land there is no such natural cover¬ 
ing to prevent soil erosion, and monsoon after monsoon, year 
after year, the drain on the soil is enormous. 

/On the face of this great problem, the use of cover crops is 
recommended. Whenever possible these crops should belong to 
the Leguminous family of plants, as they have the unique power 
of absorbing and fixing in the soil the free Nitrogen of the atmos¬ 
phere and converting it into Nitrates by the help of the Nitrogen¬ 
fixing micro-organisms harboured in their root nodules. Among 
weeds we meet with many such plants that grow close to the 
ground and hind the soil within the meshes of their roots against 
the eroding action of flowing water. Such weeds should rather 
be protected than destroyed, provided they are not in any way 
menacing to the cultivated crops; as examples of such useful 
weeds may be mentioned:— Desniodinm triflortim, S. Hin-undu- 
piyali, 7). heterophylhtm, S. Maha-imdupiyali, and Alysicarpus 
vaginalis, S. Aswenna; another such weed that should be spared 
is Ipomaea cynwsa, S. Maha-madu, which is not a leguminous 
plant but could be used to great advantage as a soil binder on the 
border of terraces. 

To all appearances the pre.sence of ferns, liverworts and 
mosses in the bottom and sides of drains check soil ero.sion to a 
great extent. The positive advantage of allowing ferns and 
mosses as Gymnogramme calomelanos, Sellaginella intergernma, 
Lygodium scandens, Gleichenia linearis, Dryopteris gongylodes 
and several species of Nephrolepis to grow rank in the drains is 
quite noticeable in the Central Agricultural Station, Labuduwa, 
where the soil is sandy in the lower regions and where there is a 
steady excavation of the land along the drains where no ferns or 
mosses are found. A glance at these facts clearly points out, 
that when we come to the question of clean weeding we should 
use much discretion. 
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CONTRIBUTIONS FROM THE RUBBER 
RESEARCH SCHEME, CEYLON 

NOTES ON THE APPEARANCE OF SAMPLES 
OF SMOKED SHEET AND BLANKET 
CREPE FROM ESTATES 


T E. H. O'BRIEN. M.SC., A.I.C., 

CHEMIST, 

RUBBER RESEARCH SCHEME, CEYLON 

S amples of smoked sheet and blanket crepe were provided 
recently by a large number of Ceylon estates for the 
purpose of an investigation of variability of plasticity. 
This investigation is being carried out by the London 
Branch of the Research Scheme at the Imperial Institute, but 
before being despatched to London the samples were carefully 
examined from the point of view of appearance, and it is con¬ 
sidered to be of interest to record the conclusions which were 
reached with regard to the general standard of appearance of the 
rubber. For the information of the superintendents who kindly 
provided the samples it should be stated that it will be a consider¬ 
able time before the results of the plasticity tests are available. 
Variations in plasticity develop during storage and the samples 
will therefore be stored at the Imperial Institute for 6 months 
before the tests are startedThere will then be a further period 
of at least six months before the investigation is completed. 

SMOKED SHEET 

A total of 204 samples was received, but a small number 
arrived too late to be included in the present classification which 
refers to 195 samples. 

General Attractiveness .—The samples were divided into 3 
grades representing the general attractiveness of the rubber, with¬ 
out taking into consideration the presence of specific defects which 
are mentioned later; the result of the classification being as 
follows: 

Good 140 samples 72 % 

Medium 48 samples 24-5% 

Bad 7 samples 3*6% 

It was considered that sheets classified as “good” would 
secure a ready sale at full market price and in some cases at a 
small premium. The “medium” sheets would find a less ready 
market, which is a matter of importance when an excess of the 
commodity is available and this, in some cases, would lead to 
disposal at a slight discount. The “bad” sheets were distinctly 
below the market standard of appearance. 
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These samples can be regarded as fairly representative of 
Ceylon estate smoked sheet and it is very satisfactory that the 
output from nearly 75% of the estates can be classed as attractive 
in appearance. The samples classed as “medium” would also 
in most cases have been in the higher class if a little more care 
had been taken in manufacture, and this could be done without 
any material increase in cost of production. Some of the 
common reasons for rejection of samples were;—uneven 
smoking, dark reaper marks, light reaper marks, uneven shape, 
grit and other foreign matter in the rubber, uneven and pitted 
.surface. It is true that (with the exception of grit) these defects 
have no relation to the quality of the sheets, but the fact remains 
that rubber is sold on ap|)earance, and when supplies are plenti¬ 
ful it is only natural that the buyer will give preference to the 
rubber which appears to have been inost carefully prepared. 

Bubbles .—The number of sheets affected with bubbles 
was as follows: 

.Slight 26 13-5% 

Medium or bad 7 3'5% 

In most ca.ses of “slight” bubbles the defect was due to 
fermentation at the edges of the sheet, and could be avoided by 
more careful washing of the pans and troughs, or if necessary by 
the use of disinfectants. 

‘'Rust” and Mould .—Eight of the sheets were affected with 
rust and in only three ca.ses was it .severe. .Some years ago 
rust was one of the most common defects of Ceylon smoked 
sheet, but ceased to be a source of trouble when its cause was 
understood and suitable precautions were taken to prevent its 
development. 

The samples were not tested for resistance to mould, and 
only a few .samples w'hich were stored at the laboratory during 
wet weather developed the defect. Immunity from trouble with 
mould can he .secured by means of paranitrophenol at a cost not 
exceeding O'175 cents per poun<l of rubber, and the u.se of this 
chemical can be regardetl as an economy on anv estate where con¬ 
ditions of preparation, transport or storage lead to trouble with 
this defect. 

Stickiness .—Smoked sheet is not often penalised on account 
of surface stickiness, but it is of interest to record that the samples 
which were examined showed very material differences in this 
re.spect. From experiments which are at present being carried 
out by the Research Scheme it a[)pears that the occurrence of 
surface stickiness in smoked sheet depends on the balance 
between smoke and heat in the drying house. Sheet dried at 
raised temperature without smoke is distinctly stickv and the 
higher the temperature of drying, the greater the density of 
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smoke required to prevent the development of stickiness. There 
is also another type of stickiness due to the sheets “sweating” 
which arises from lack of ventilation in the smokehouse. 

The degree of stickiness was judged by the feel of the 
sheets and the result of the classification was as follows: 


A Non-sticky 

103 

53 % 

B Slightly sticky 

66 

34 % 

C Medium ,, 

16 

8 % 

D V'ery ,, 

9 

4-5% 

E Almost tacky 

1 

0-6% 

Class A and B can be regarded 

as 

normal and satisfactory. 


Class C and D would be likely to cause comment by the brokers. 
The sheet in Class E was distinctly below the standard of first 
grade rubber. 

Size, thickness, colour and marking .—It is only to be expected 
that the samples would vary materially in these factors, which 
are governed largely by the equipment available, such as type of 
machinery and pans, smokehou.se dimensions, etc. 

Size .—The size of the sheet is not unimportant in relation to 
economy of packing space, the ideal being that the sheet should 
just fit the packing chest, i.e., should be approximately 23 ins. 
X 18 ins, A sheet of this size weighing 1| lb. is very suitable in 
thickness for efficient drying. In many cases wide sheets cannot 
be prepared owing to unsuitable reaper spacing or the use of 
narrow rollers, but care should be taken that the sheets are of the 
correct length. Packing is tKen fairly economical if the extra 
width of the chest is occupied by sheets packed on edge. Sheets 
which are longer than the chest are particularly uneconomical, 
as they must either be trimmed, with loss of first grade rubber, 
or doubled over which interferes with packing. 

The sample sheets were classified according to length, with 
the following results: 


Less than 21 inches 

77 

39-5% 

21-24 inches 

91 

46-5% 

More than 24 inches. 

27 

14-0% 


The saving which can be effected by economical packing 
may vary from OT-0-2 cents per lb. for rubber sold locally, to 
0-5 cents or more if the rubber is sold in distant markets. 

Thickness. —I'hin sheets dry rapidly but it may not be eco¬ 
nomical from the point of view of hanging space and handling to 
make them very thin. Also a thin sheet gives an impression of 
weakness, and requires heavier smoking to give the same colour 
as a thicker sheet more lightly smoked. On the other hand the 
time of drying increases disproportionately if the sheet is too 
thick. 
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The thickness of the sheets was calculated from the dimen¬ 
sions and weight of the samples in terms of weight (in grams) 
per square foot. The figure varies slightly according to the 
pattern of the marking roller but gives a fairly satisfactory index 
of thickness. It is considered from recent experiments that a 
thickness of 225-250 grs. (8-9 ounces) per square foot is a suit¬ 
able average for rapid drying and gooil appearance. 

The thickness of the samples examined is summarized as 
follows: 

T hinnest sheet 173 grams per square foot. 

Thickest sheet 372 grams per square foot. 

Thin sheets (less than 225 grs. per sq. ft.) 19 10% 

Medium sheets (225-300 grs. per sq. ft.) 131 70% 

Thick sheets (more than 300 grs. per sq. ft.) 38 20% 

(A few sheets were not measured ov;ing to unusual pattern of the 
marking roller). 

Colour .—The colour required in smoked. sheet depends 
largely on the taste of the buyer, and a sample which is con¬ 
sidered too dark by one broker may well be rejected as too light 
by another who is buying for a different market. Generally 
speaking, a well smoked sheet is to be preferred as being more 
resistant to mould. 

The sample sheets were roughly classified according to 
colour, but the classification is influenced by the prevailing 
“fashion” in colour. Sheets classed as medium colour woulc' 
probably have been regarded as too light a few years ago. 


Light 

22 

11-5% 

Medium 

105 

53-5% 

Dark 

60 

31 0% 

Very dark 

8 

4-0% 


Pattern of marking roller .—Generally speaking, the small 
pattern produced by a spiral roller with close grooves is most 
pleasing in appearance and most useful in hiding roughness and 
other defects in the sheet, but from a number of the samples it 
was evident that sheet with wide marking can also be very- 
attractive if the marking is distinct and the rubber clear and 
smooth. 

The primary object of marking the sheets with a pattern is 
to increase the rate of drying by exposing a greater surface area 
to the air. An average smoked sheet is approximately J inch 
thick on the ridges and it follows that the most suitable type of 
marking from the point of view of efficient drying, is such that 
the sheet is divided into a .series of ridges J inch thick and ^ inch 
wide, with narrow furrows between the ridges. The proviso 
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should be made that if the furrows are too narrow and deep, water 
may lodge in them and give rise to “rust.” A marking roller 
which is in use at the laboratories has grooves ^ inch wide and 
deep with | inch between the grooves and produces a sheet of 
attractive appearance and good drying properties. In the 
finished sheet there are 5 ridges per inch, the ridges being 
approximately ^ inch wide, while the furrows are slightly less 
than I inch wide. 

The presence of a pattern on smoked sheet also reduces the 
tendency of the ;,heets to stick together when packed, sheets 
marked with narr()w ridges having less tendency to stick, than 
those with broad ridges. Sheet with large spaces between the 
ridges is uneconomical for packing, and this is a material point in 
comparing the amount packed per chest on different estates. 

The pattern of the sample sheets was measured with the 
following results: 

Close marking (5-6 ridges per inch) 101 67‘5% 

Medium marking (4-4i ridges })er inch) 18 12’0% 

Wide marking (less than 4 ridges per inch) 8 5'5% 

Diamond marking 23 15’0% 

(lotal examined 150 sheets). 

SUMMARY 

In general it may be concluded that about 75% of Ceylon 
estate smoked sheet, as represented by the 200 samples attains 
a high standard of appearance. A further 20% could probably 
be brought up to this standankby increased care in preparation. 
In the ca.se of the remaining 5%, it is likely that reorganisation 
of methods of preparation, and improvement of equipment are 
required. 

BLANKET CREPE 

It is usually considered that the manufacture of good quality 
blanket crepe is easier than the preparation of good quality 
smoked sheet, and in conformity with this view it was found that 
the differences in the appearance of the samples of blanket crepe 
were less marked than were found in the samples of smoked 
sheet. 

Colour .—The chief aim in preparation of blanket crepe is tp 
secure a good colour, but it is not easy to compare the colour of 
various samples without making allowance for factors such as 
the thickness of the rubber and the age of the sample at the time 
of examination. It was also unfortunate that a proportion of 
the samples were supplied soon after the resting period when the 
colour of the rubber is abnormal; and several planters queried 
whether such samples could be regarded as suitable for the pur¬ 
pose of plasticity te.sts. Evidence is available regarding the 
changes in plasticity when new cuts are opened and a suitable 
adju.stment can be made for such samples. 



There were indications that some of the samples had deterio¬ 
rated in colour much more rapidly than others. 

The colour of the 114 samples was roughly judged as follows: 


Pale 

10 

9-5% 

Medium 

66 

630% 

Off 

11 

10-5% 

New cuts 

18 

17-0% 


The above classification does not include 9 samples which 
had been in store for several months and were noticeably off- 
colour. It is considered that the pale and medium samples were 
up to the market standard, and in fact in some cases the 
^‘medium” samples were more attractive in appearance than 
those classified as “light.” The “off” samples would probably 
sell at a small discount. Five of the samples appeared to be 
machine dried and of these one was classified as “medium” and 
the other four as “off.” 


Five samples had a slight streakiness which is frequently a 
cause of trouble in marketing blanket crepe. 

Hardness .—There were very material differences in the 
hardness of the samj)les. Generally speaking, the market prefers 
a hard gristly crepe, but it is probable that the average manu¬ 
facturer s requirements would be better met by a comparatively 
soft crepe, especially if this is reflected in improved plasticity. 
Experiments carried out by the Research Scheme (R.R.S. 
Bulletin 49 p. 7) indicate that machine-dried crepe and crepe 
blanketed in hot rollers have imf)roved plasticity. 

The samples were classified as follows: 


Very soft 

2* 

2-0% 

Soft 

21 

18-5% 

Medium 

54 

47-5% 

Hard 

26 

22-5% 

Very hard 

11 

9-6% 


* machine dried. 


Texture of Rubber and Size and Thickness of Pieces .—The 
type of rolling to which the samples had been subjected in the 
blanketing process differed materially. Rolling in a machine 
with even speed pinions, operated at a comparatively low 
speed, tends to produce a smooth, evenly marked product. On 
the other hand a machine with a large difference in speed between 
the two rolls, especially if operated at high speed, results in un¬ 
even marking which is less attractive in appearance. 

The width of the samples naturally varied considerably. A 
number had been rolled in wide machines and were of the correct 
size to fit the packing chest, but of the others a proportion were 



not of a convenient width for packing. When the rubber is 
blanketed in a 15-inch machine it is preferable to fit hoppers to 
reduce the rolling width to 10^-11 inches so that the sheets of 
rubber can be packed side by side in the chest. The proportion 
of samples which were of suitable width for economical packing 
was approximately 65%. 

The thickness of the rubber also varied considerably. 
Generally speaking, the preparation of thick blanket saves time in 
rolling and is more economical for packing, but tends to make 
the rubber appear darker in colour. The thickness of the 
samples was calculated as weight (in grams) per square foot. 
Hitherto a thickness of 16 ounces (454 grams) per square foot 
has been regarded as an average for Ceylon blanket crepe, but 
judged by this series of samples the average is somewhat higher 
viz., 18 ounces per square foot. The result of the examination 
was as follows:— 


Less than 400 grams per sq. ft. 

24 

21-0% 

400-600 grams per sq. ft. 

71 

62-0% 

More than 600 grams per sq. ft. 

17 

15-0% 

Lace crepe 

2 

0-2% 


Thinnest sample 261 grams per sq. ft. 

Thickest sample 914 grams per sq. ft. 

SUMMARY 


The conclusion reached from examination of the 114 
samples of blanket crepe is sirnilar to that for smoked sheet, viz., 
that a large proportion of the samples attain a high standard of 
appearance. It is difficult to give precise figures for the crepe 
samples as the appearance depends so largely on colour, which 
deteriorates during storage. It can however be estimated 
roughly that 85% of the samples were good, 10% indifferent, and 
in the remaining cases that re-organisation of manufacture is 
required. 

In a number of samples the general appearance could have 
been improved considerably by greater care in blanketing. 
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REPORT ON THE 

EFFECT OF ADDING SODIUM BISULPHITE 
TO LATEX ON THE PLASTICITY OF CREPE 


G. MARTIN, B.SC., A.I.C., F.I.R.I. 

AND 

L. E. ELLIOTT, F.I.C., F.I.R.I., 

(OF THE SCIENTIFIC STAFF IN LONDON OF THE 
RUBBER RESEARCH SCHEME, CEYLON) 

D uring an investigation into the cause? of variability in 
plasticity it was shown that the addition of sodium 
bisulphite to latex resulted in the production of a 
harder type of crepe than that obtained without bisul¬ 
phite (Bulletin No. 49, j). 5). I his is an observation which it is 
desirable to conlirm, not because it may lead to the omission of 
bisulphite in crepe manufacture, but because it may be of value 
in determining the fundamental factors affecting the plasticity of 
rubber and so lead to better methods of control. 


As the maximum amount of bisulphite used in the experi¬ 
ment did not e.xceed that recommended by the Rubber Growers’ 
Association, it was decided in the confirmatory experiment to use 
still larger quantities with a view to determining the maximum 
effect of bisulphite on plasticity, although estates are unlikely to 
use large amounts owing to subsequent difficulty in dyring the 
crepe. 

Three samples were accordingly prepared, one containing no 
bisulphite, another the amount commonly used on estates and 
the third double that amount. 

On arrival in London the samples were submitted to a hard¬ 
ness test at 100“C and in agreement with previous results the 
hardness of the samples was found to be proportional to the 
amount of bisulphite adde<l to the latex. 

As the plasticity of rubber may change considerably on 
keeping, portions of the samples w'ere stored at 32'^F and 60°F 
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for six months and then tested for hardness and plasticity. The 
results of the tests are shown in the following table: 





After storage for six months at 

Sample 

No. 

Amount: 
bisulphite 
added to 
latex 

Before 

32^F 



60«»F 

stor.-ige — 

D30 

Djo 

Mastication 

Number 

Djo 

Mastication 

Number 

1493 

nil 

mm,/100 

147 

mm,/100 

157 

88 

mm,/100 
158 

87 

1494 

normal 
(1 :266) 

155 

170 

100 

168 

99 

1495 

twice 

normal 

(1:133) 

174 

169 

105 

169 

103 


These results confirm that the addition of bisulphite to latex 
renders the crepe more difficult to masticate. When the normal 
amount is used the mastication required is increased by nearly 
15 per cent and when twice the normal amount is used the amount 
of mastication required is further increased by approximately 
5 per cent. The temperature of storage has had little effect on 
the hardness or masticating properties of these samples. 

It is not obvious why the addition of small quantities of 
bisulphite to latex should cause crepe to become hard. Informa¬ 
tion on this point may be of value in solving the general problem 
of the cause of variation in the plasticity of estate rubber. 

Chemical tests were therefore carried out to determine 
whether there is a relationship between the hardness of the 
samples and (a) the amount of mineral matter present, (b) the 
amount of moisture in the rubber and (c) the acidity of some of 
the non-rubber accessory substances. 

The results obtained are shown Jn the following table: 


Sample 

Proportion 

D 30 

Moi.sturc* 

Ash 

Acid value 

No, 

bisulphite: 




Water-soluble Acetone-soluble 


dry rubber 







mm./100 

per cent 

per cent mgrm./KOH mgrm,/KOH 

1493 

nil 

147 

017 

0-20 

48 201 

1494 

1:266 

155 

0-20 

0 18 

44 207 

1945 

1:133 

174 

025 

0 18 

50 174 


* After keeping ten days over 50 per cent sulphuric acid, i.e.^ in an atmosphere 
nearly 40 per cent saturated with moisture. 

The results indicate that although the addition of bisulphite 
to the latex has a distinct hardening effect on the rubber this is 
not related to the amount of mineral matter in the rubber, or to 
the acidity of the water-soluble .substances or of the acetone- 
soluble substances. The addition of bisulphite to the latex does 
not appear to have increased the total amount of mineral matter 
in the rubber, but, as expected, it has led to an increase in the 





hygroscopic material, so that when exposed to the same humidity 
conditions the sample containing most bisulphite contains the 
largest amount of moisture. It is of interest in this connection 
to note that the sample containing most bisulphite required one 
day longer than the others to dry. It is unlikely however that 
the effect of bisulphite in hardening the rubber is connected with 
the amount of moisture present as unpublished investigations at 
the Imperial Institute show that moist rubber (unless it becomes 
mouldy) has less tendency to harden on keeping than dry rubber. 

These chemical investigations have not succeeded therefore 
in suggesting a definite reason for the hardening due to bisul¬ 
phite. A study of the effect on the hardness of crepe of com¬ 
pounds similar anil related to bisulphite has been arranged which 
it is hoped will furni.sh more definite information. 

SUMMARY 

Experiments are described which show that the addition of 
bisulphite to latex renders the crepe harder and more difficult to 
masticate in proportion to the amount added. 

The results of preliminary chemical tests do not suggest an 
obvious reason for the difference in pla.sticity due to bisulphite, 
but arrangements have been made to prepare further samples in 
which compounds related to bisulphite are added to the latex 
with a view to obtaining further information as to the cause of the 
hardening due to bisulphite. 
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MANURING OF RUBBER^^ 

T he last few years have seen a rapidly-growing interest in Malaya 
in the use of artificial manures on rubber estates. This interest 
has arisen from two main sources: first, the very excellent 
results which have been reported from certain experiments in 
Sumatra, and secondly, from the growing realisation that large 
areas of rubber have passed their maximum yield and require measures to 
arrest deterioration. Since tapping has for many years now been com^lucted 
on a proper conservative basis, this deterioration can be attributed mainly 
to soil changes, and it is natural to turn to methods involving the use 
of chemical plant foods as stimulants. 

SPECIAL FEATURES FOR RUBBER 

In approaching the subject for a general discussion it is first of all 
necessary to realise the very sharp contrast between the conditions of 
rubber cultivation and those of temperate zone farming. Our knowledge 
of the efi'ects of fertilisers has been mainly built up from experience with 
seasonal crops. These are grown under the best and most intensive con¬ 
ditions that soil cultivation will allow, and usually end in the removal of 
a large amount of plant food from the soil in the harvested crop. Manuring 
therefore aims at replacing these plant foods in such a way as to produce 
the maximum results on the crop during the ensuing season. Certain 
residues may be left after harvest, but the main return is always seen 
within the year. 'Fhe case of a rubber plantation offers a very striking con¬ 
trast to these conditions. The crop is not seasonal nor does it remove 
permanently any very appreciable quantities of plant foods. The natural 
cycle of changes are those of a forest in which a considerable proportion of 
the available food passes round a continuous cycle, from the soil to the tree, 
and from the tree back to the soil again in the form of leaf fall. The neces¬ 
sity for manuring arises, therefore, not so much from the necessity to renew 
losses taken away by the crop, as from needs caused by a break in the 
natural forest cycle. The open conditions fail to conserve the leaf fall and 
general humus reserve unless special measures are taken. The resulting 
effects are relatively slow and in consequence also the benefits from manuring 
are also likely to be slow. One cannot look forward to a full return within 
a year as the farmer does but must await rather the restoration of a normal 
balance attained through several cycles of leaf development and leaf fall. 
The important assistance rendered by modern methods of soil conservation 
will be obvious, in that the cessation of surface wash and movement helps 
to retain the fallen leaves. 

Another factor making for slow returns from manuring is that latex 
yield depends primarily on the bark condition of a tree, and this changes 
much more slowly than the leaf canopy in response to the improvement in 
the conditions of nutrition. This brings into prominence another contras¬ 
ting feature, namely, that the age and previous history of the crop are 
important factors to be considered, whereas the farmer may start anew each 
seasem with fresh seed. The rubber planter must consider deterioration 
of both his .soil and his crop, while the farmer considers his soil only. This 
makes two distin('t stages in recovery instead of one, and each stage con¬ 
ditioned by a very diiferent set of factors. 

* By W, I>. HaijKs in 77/^ Malayan AgriiuHurul journaU XVUf, No. 6 Mjay 


1930. 
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As far as our present knowledgfc goes, the aim of manuring- can only 
be maintenance of a normal yield* So far there is no suggestion of 
specific manuring in the sense of stimulating latex secretion beyond the 
normal. Each tree must be regarded as having a normal potential yield, 
and, although this varies greatly from tree to tree, we do not yet expect 
to turn a natural bad yielder into a good yielder by manuring. Growth 
under good conditions will give the normal yield, and if these conditions 
deteriorate it is possible to restore them and maintain yitdds by providing 
the necessary plant nutrients. A specific treatment which would greatly 
increase latex secretion may possibly be developed in the future llirough 
some discovery regarding the plant’s physiology—at any rate, our know¬ 
ledge is not intensive enough to rule out the possibility. Jiut, such a 
discovery might be regarded as a doubtful gift for the scientist to make 
to an industry which has not yet solvtxl its problem of over-production. 
At present, the question of increasing the poiential yield of rubber per acre 
lies in the direction of perpe^tuating strains with an inherently high yield 
by methods of budding or breeding. 

GREEN MANURING AND CULTIVATION 

The term “manuring” generally refers to the use of chemical ferti¬ 
lisers, but space must be devoted also to the mention of the value of 
green manuring for rubber estates. Green manuring has as its main object 
the provision of supplies of organic matter to the soil. .It is possible that 
mineral plant foods may be nmdered more available, since a coarse feeding 
cover might extract from the soil more foexi than the main crop could do, 
and this food is passed back in an available form when the cover dies or is 
turned into the soil. But the main function of the plant residues is to 
support the bacterial life of the soil, without which nitrogen fixation cannot 
go on. Another service that covers have performed in rubber is to break 
up the soil. The question of doing this by mechanical means is one that 
has naturally been viewed very conservatively by rubber planters. Under 
rubber cultivation there can be no doubt that some soil types tend to 
become consolidated in a way quite foreign to a forest soil, but the correc¬ 
tion of this by mechanical means has serious objections on the grounds 
of root disturbance as well as expense. In such circumstances, a cover 
such as Mimosa has been known, by the vigorous penetration of its roots, 
to produce vastly improved conditions. I'he restoration of air and water 
movement to layers previously consolidated opens up fresh areas and 
supplies of plant food. But it must be remarked that in general, in Malaya, 
green manuring in old rubber has not promised much success. The part 
it may play in c'onjuction with chemical fertilisers may be large, but 
that still remains to be worked out in detail. Green manuring will un¬ 
doubtedly play a leading part in the work of recuinditioning the soil in such 
areas as are marked down for replanting, since the objections lo mechanical 
soil disturbance are then quite removed, and conditions for growth of cover 
are vastly improved. 

The use of organic fertilisers which add to the humus supply, such 
as cow dung or the artificial “Adco” product, is not here specially referred 
to. While their merits can scarcely be in question, they are nevertheless 
eclipsed by the chemical fertilisers on the question of adequate supplies 
for the large areas which are concerned. 

MATURE RUBBER 

Turning now to the special needs of mature rubber we find that areas 
requiring the help of fertilisers fall into two distinct classes. On the one 
hand we have rubber which was originally planted under favourable con¬ 
ditions and has given good results in the past, but which has begun to 
show signs of falling off. As we have seen, the reason for this deteriora¬ 
tion lies mainly in the loss of humus and the cessation of nitrogen-fixing 
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activities in the soil. The usual need in such cases is nitrogen. Fertilisers^ 
supplying this element are urea, sulphate of ammonia, sodium nitrate and 
calcium cyanamide. Of these ammonium sulphate has proved the most 
popular, although cyanamide has also proved effective and may be of added 
service by supplying another important plant food, namely calcium. The 
signs of nitrogen starvation may be seen in the leaves. These are sparse, 
of small size and of an unnaturally light yellow-green colour. Manuring 
with nitrogen immediately produces an increase in foliage and a darkening 
in tint. The darker tint will often be observed in the location of dwellings 
where the trees receive extra nitrogen in the form of urea from human 
excreta. The improvement in foliage is not usually accompanied imme¬ 
diately by increase in latex yield. 

The other distinct type of case is given when the soil has been exhausted 
by the cultivation of other crops previous to the planting of rubber. In 
such cases, in addition to the poverty of leaf, the growth is usually stunted 
and the bark conditions are extremely p{x>r. The trees never reach a 
normal yield. Since all the plant foods have been exhausted in thei»* 
available form, a complete fertiliser may be preferable to nitrogen alone. 
It may be remarked that when the bad conditions have gone on for a 
very long time, the prospects of producing remunerative results become 
very remote. In such cases, with the modern prospect of high-yielding 
budded rubber, it may often be better to consider replanting at once, 
rather than devote time and money to a treatment of uncertain promise. 
A replanting scheme may not be so very much expensive, either of time or 
money, than manuring, to bring the area into normal bearing, since the 
essential feature in both cases is the growth of completely new lappable 
bark. At the conclusion, the replanting will provide a much higher poten¬ 
tial (inherent) yield than the old planting ever had, and one result of this 
is that any future expenditure on manuring or other improvements is more 
feasible, since the cost is still the same reckoned per acre of soil but less 
when reckoned per pound of rubber produced. 

The plantings which result from reclaimed “lallang” grass land may 
be regarded as intermediate between the two cases considered above. 
Although the plant nutrients are usually exhausted by the previous crops, 
a certain recovery takes place during the years of abandonment. The 
rubber will require earlier manuring than in the case of virgin soil, but 
it makes sufficiently good growth to promise adequate response to such 
attention. 

A second type of food deficiency which may be recognised by the 
appearance of the trees is that of potash. A large proportion of Malayan 
soils show a very small supply of potash. The type in which the deficiency 
is most marked, is sandy, and is often rich and dark in appearance from the 
amount of humus which it contains. This is a very unusual feature for 
a sandy, weil-aeraled soil. It would seem in this case that the organisms 
responsible for the decomposition of the humus arc themselves in a similar 
position to the trees and unable to find sufficient mineral food. The symp¬ 
toms of potash starvation produced in the tree are stunted growth, and 
leaves which are crinkled and often unnaturally dark-green in colour. 
These tend, however, to turn completely yellow quite prematurely, the 
discolouration beginning at the edges. The symptoms indicate that the 
ratio of nitrogen to potash is too high and the addition of sulphate of 
potash is sufficient to restore normal growth and healthy conditions. By 
stimulating bacterial activity it accelerates the setting free of the locked 
up nitrogen in the organic matter. 

In regard to phosphate, Malayan soils usually contain good reserves, 
so that mature stands of rubber usually do not require this element. Indeed, 
some experiments using phosphate alone have had the effect of depressing 
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latex yield and this has led to the recommendation that the use of phosphate 
on mature rubber should be approached with caution. On the other hand, 
the available phosphate appears to be badly exhausted by the crops 
which have preceded the rubber, for which reason phosphates often produce 
great stimulation of growth in young rubber which has been planted on 
such sites. 'Phere is also some reason to think that the young tree may 
have a greater need of phosphate than the mature tree. Reports from 
Sumatra indicate that good results have followed the use of phosphates 
even in old rubber and that basic slag and rock phosphates have proved 
more reliable than superphosphate. 

On hilly situations the case sometimes arises that the soil, though con¬ 
taining an adequate proportion of plant foods, exists as such a thin layer 
over gravel or rock as to be insufficient to support normal growth. In 
such cases a complete fertiliser is the logical requirement. 

IMMATURE RUBBER 

In addition lo the maintenance of yields, manuring may also be 
applied to prcxiuce earlier maturity of young rubber. It is well known 
that clean weeding, by stimulating humus decomposition, causes a more 
rapid growth in young rubber than is observed when covers are allowed 
to grow. It may be suggested that in some cases this is an extravagant 
policy with had after-effects, and it might be better lo pursue the more 
economical policy of establishing a cover to reduce humus losses, while 
making up for the retardation in growth by the use of Artificial fertilisers. 
One caution is necessary in manuring young- rubber, namely, that if nitrogen 
is given in too heavy a dose the growth of the leaf canopy may outstrip 
the strength of the young stem and cause the trees to bend over and break. 
It may be said that on areas which have been reclaimed from swampy 
conditions nitrogen is not required, at least for many years. Sufficient 
stores are locked up in the accumulated vegetable debris and may be set 
free by the judicious use of mineral fertilisers such as kainit (a potash 
fertiliser) and basic slag (phosphate). 

RESUME OF RESULTS TO DATE 

The best-known and most convincing results from the manuring of 
rubber are those obtained by the Holland American Plantations in Sumatra. 
Details have been published by J. Grantham in Archief voor dc Rubhercul- 
tuur (August 1924 and October 1927). The figures have since been 
repeatedly reproduced and it will here suffice to recall the main features. 
Rubber of about 8 years old growing on a white sandy-clay soil and suffer¬ 
ing from die-back with symptoms of nitrogen starvation, was manured 
with nitrogen fertilisers. The yield in 1919 at the beginning of the test 
was rather under 300 lb. per acre and has remained fluctuating round such 
figures on the control plots ever since. The manured plots began to 
improve at once and the yield on them has gone steadily forward during 
ten years or more and has now reached the normal value of g<x)d rubber 
round about 700 Ib. per acre. The benefit does not yet appear to have 
reached its maximum, according to latest reports. The greatest benefit 
was from nitrate of soda applied at the rate of 5 lb. per tree every year, 
but the plots receiving an equivalent amount of ammonium sulphate in 
alternate years are not far behind. Such a return is in the hig-hest degree 
economic, but it has only been found so far on the particular type of white 
soil. In other cases and with other soils results have usually not been so 
striking. 

Schm6le reported results from a number experiments in other parts 
of Sumatra (Arehief 7'oor de Fuhbercidfuut^ June 1926) which in the main 
did not give such conclusive results. It appeared that all tests on the 
typical white sandy-clay soil similar to that on which the H.A.P.M, had 
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g-ot such success showed a response to nitrogen. Other soils often showed 
a small response to nitrogen, but rather doubtful results with other cons¬ 
tituents. 1'hc results from Java summarised by de Vries showed for the 
early years that only about one-quarler of the experiments g'ave satisfactory 
increases while the remaining three-quarters were still dubious as to con¬ 
clusions. Similarly in Malaya, results hav’^e been on the whole inconclusive 
during the two or three years that experiments have bt*en running, but there 
have been enough positive results to indicate great porssibilities. It remains 
to define clearly the conditions which decide success or failure. The genera) 
inference which it is possible to make at this stage is that {ill cases of a 
quick economic return have been from rubber of a young age class {up to 
12 years or so). All that can be said with regard to the majority of 
experiments on older rubber is that improvements in appearance can usually 
be effected quickly, but the response as regards yield is delayed beyond 
the two or three years of which we have so far any record. 

CONCLUSION 

From the foregoing remarks it will be clear that manuring of rubber 
must be regarded as still in the experimental stage. Estates should be 
encouraged to make the small expenditure necessary to provide for their 
own experiments. Such experiments, being conducted under their own 
local conditions, will give results that may safely be relied upon for 
guidance as to further expenditure. In regard to such experimentation 
they would do well to invite the help of their Research Institutes in laying 
down the,plans, since the value of an experiment depends very much upon 
correct design at the start. The one fact that must not be lost sight of 
is'-tltat no inference as to the results can be exact unless control areas arc 
leit as a basis of comparison. It is also well to have expert advice as to 
the type of fertiliser most likely to give results under the special conditions. 
Although nitrogen is by far the most general need, there are cases where 
it would be waste of money to apply it alone. Peaty conditions usually 
maintain nitrogen reserves for very many years, while in other cases the 
addition of nitrogen can only be effective if balanced by other constituents. 
In passing, it might be pointed out that experiments which fail should be 
put on proper record as well as those which succeed. It is only in an 
economic sense that failure means rejection ; in a scientific sense a failure 
may give new information as valuable as a success. 

The future of manuring in rubber would seem to show good prospects. 
In a number of cases the results already^ show a good return, and it cannot 
he doubted that as the length of time and the number of experiments 
increase, a larger proportion of them will show good results. Another 
factor for the future which must be reckoned with is the very much higher 
production per acre which may be expected from buddings now being 
planted. In such a case, the cost of manuring per pound of rubber pro¬ 
duced will be correspondingly reduced. A high-yielding tree requires no 
more food for health than a poor yielder. Thus, areas which will later 
be coming into tapping may repay more handsomely the cost of using 
fertilisers to keep up to their full-yielding capacity. At the present 
time the most important point to be realised is, in the writer’s opinion, 
that manuring of mature rubber should be begun in time. If deteriora¬ 
tion sets in, and is allowed to run unchecked for a number of years, much 
time and money must be spent to make up for the leewav lost. The value 
of manuring must be considered not simply in terms of the increased yield 
from an area, but in terms which allow for the amount of deterioration 
which would have been inevitable without such treatment. The profit and 
loss account of such treatments must also be carried over a number of 
years for fair conclusions, since the processes are slow by which the trees 
appreciate or depreciate in their health and yielding-vigour. 
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AGRICULTURAL CO-OPERATION* 


T he Indian cultivator, a man of small means in a land of pre¬ 
carious rainfall, stands naturally in need of credit, and the 
co-operative institutions in India—which now number over 
100,000, with a working- capital of £75 million—are performing 
a valuable service. I'he problem, however, with which the co¬ 
operative movement is faced is to secure skilled and constant supervision 
over the finances of the societies. The danger is less of dishonesty and 
embez/Jement, though this also occurs in India as in I^ngland, than of 
laxity and consequent misuse of credit. What the ryot does not readily 
grasp is the essential duty of punctuality in repayment, so far as his crop 
and other income allow : and until this novel idea has become firmly settled 
in his head, a trained adviser, with knowledge alike of co-operative prin¬ 
ciples, of banking rules, and of the language and habits of the peasant, 
sliould be frequently beside him to discourage extravagance and to instil 
the lessons of prudence. The absence of such trained men, and the devo¬ 
lution of all guidance on an unstable group of elected villagers in a union, 
was one of the leading causes of the troubles of the co-operative organiza¬ 
tion in Burma, as revealed in a recent report of a special committee 
appointed by the Burmese Hovernment. 

In Burma, the growth of societies, chiefly of urban and rural credit 
and of cattle insurance, has been steady and encouraging since the intro¬ 
duction of the Co-operative Act in 1904; there were nearly 4,000 credit 
and 400 insurance societies on the register at the end of 1928. Over them 
stood nearly 600 local unions of societies, 21 central banks, and the Burma 
Provincial Co-operative Bank at Mandalay, 'fhe working capital amounted 
to £3,750,000. In recent years, however, a g-rowing reluctance on tlie 
part of the peasant-cultivators to repay their debts to the small village 
so(?ieties, which finance their agricultural and domestic needs, has raised to 
an uncomfortable figure tlie percentage of ‘‘overdues'* in the provincial 
and the central banks. The object of the rural unions was to secure, by 
a mutual guarantee, the loans advanced to their rdfilialed societies from 
the hanks, and the committee members of a union should have denounced 
to their own general meeting and to the bank the name of any recalcitrant 
village society, while exercising all possible moral and social pressure on 
tlie defaulters. The social ideals of an Oriental country do not always 
include punctuality in repayment, and the duty of recommending so un¬ 
popular a virtue proved most unwelcome to the leaders of the unions. 
Consequently, little or nothing was done, and the example of unpunished 
default was infectious. The Registrar is provided with a staff of official 
inspectors, whose functions cover propaganda and supervision, and who 
should, on the complaint of an unsatisfied creditor, move him to bring 
a society compulsorily under liquidation. Here, too, the report of the Calvert 
Committee to the Burmese Government shows that there has been undue 
leniency, and insolvent si>cieties have been allowed to remain on the 
register in the idle hope of their improvement. 

The result is a crisis, Burma Co-operative Bank in 1928 recovered 
only one-sixth of the principal debt and one-half of the interest due to it; 
a loss on the year’s working was avoided only by writing up the invest¬ 
ments to their market value; and it became necessary for the (lovernment 
to guarantee a temporary overdraft of the Co-operative Bank with the 
Imperial Bank of India, and to accept responsibility for the full repayment 

* The Economist^ Vol, CX, No. 4, 507. 
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of all deposits. The loss to the provincial revenues is ofTicially estimated 
at Rs. 30 lakhs (£250,000). The Burmese Co-operative Bank is to be 
wound up, several of the central banks will probably follow suit, at least 
three-quarters of the insurance societies will be closed, and 1,400 out of 
3,800 rural credit societies are already in liquidation. The co-operative 
movement in Burma is not dead, but will require to be built up again 
on sounder lines. In the meantime, the shock is severe. 

To what causes is the disaster arttribiited, and how is the restoration 
to be carried out ? In the first place, there is no suggestion of bad faith. 
Audits have been imperfect, auditors’ warnings have been neglected, local 
supervision has lacked courage and thoroughness, but dishonesty, with 
the exception of minor incidents, is not alleged. The chief weakness has 
been an excessive reliance on the Guaranteeing Union, a group of rural 
representatives who possessed neither the character nor the inclination 
to be strict at the price of unpopularity. Co-operation among Asiatics 
differs from that of Europeans in no point more sharply than in the capacity 
for facing an unpleasant duty and for insisting on rules of business. 
Certain Indian provinces, therefore, have laid on the olTicial inspectors the 
duty of reporting to the financing bank on the condition and “credit 
worthiness” of its debtor societies, and of stimulating the latter to fulfil 
their obligations. Eager to evoke the power of co-operative self-govern¬ 
ment, the Burmese left this burden to the unions, which failed to shoulder it. 

'fhe unions are now to be abolished. The inspecting staff, however, 
when working among a simple peasantry must also be occupied in constant 
teaching and guidance, and for this purpose they must themselves be 
steeped in co-operative knowledge. A fuller course of training is in future 
to be given to the Burmese inspectors, equipping them as sympathetic guides 
of the villagers and as real sources of authority. Whether their opinion 
should be demanded by the financing banks on the fitness of applicant 
societies for further credit is a question on which the Government and the 
special committee have disagreed, the former rejecting the recommendation 
of the latter that such help should be sought. Theoretically it is undesira¬ 
ble, but in practice the banks wifi find it difficult to obtain from elsewhere 
the intimate information which they need. Villages are remote and villagers 
are taciturn, communications are poor. If the policy of extending mortgage 
credit to the peasants, for clearance of old debt and for opening up new 
land, be adopted as is now proposed, special mortgage institutions will 
no doubt be required, and the ordinary co-operative banks will then confine 
themselves to advances of shorter term. Loans for the period of one 
agricultural crop are easily controlled, since full repayment will normally 
be made after the harvest, but intermediate loans for cattle-purchase, etc., 
will still' call for information over a longer period. The banks may perhaps 
have recourse to the stronger step of asking the Registrar to liquidate an 
unpunctual society, but will be in the same difficulty, without the advice 
of his staff, in judging beforehand the real wisdom of an advance for which 
application has been made. Other Indian provinces foresaw at an early 
stage the need to strengthen village societies by the help of a trained 
supervisor. In Bombay the latter is often a non-official, who takes charge 
of a circle of societies and spurs them to activity. In other parts a full¬ 
time official is more usually employed, whether in the service of Government, 
of the co-operative banks, or of an organising and auditing union. The 
policy of high training has been carried farthest in the Punjab, which 
appoints Indian graduates of rural sympathies and require a probation 
of 18 months in the field and study, culminating in an economic test of 
post-graduate standard. Several of the inspectors thus trained have proved 
capable, in addition- to their ordinary duties, of conducting intensive or 
extensive economic enquiries into the welfare of the people, either und^r the 
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Registrar of Co-openitive Societies or under the Board of Economic Inquiry. 
It is held that an agricultural credit policy should be based on an exact 
and intimate knowledge of peasant economy, without which the most 
skilled economist, in advising the cultivator, is working in the dark. 
More than 100 of these specialists are now serving under the Punjab 
Government, and the best of them are able to grapple with the puzzling 
and multifarious problems of a country, in which all economic conditions, 
and above all the fortunes of the cultivator, are being alfected and reshaped 
by the change from a subsistence to an export system of agriculture. 

The organisation, both of the cultivators and of the artisans and clerical 
classes, has thus been developed, with the assistance of the Government, 
until, not only credit soi:ieties, but also agricultural purchase and sale, 
cattle-breeding, and land improvement institutions arc found in half the 
villages of the province. 1'here are now no less than 20,000 societies of 
every kind, with a membership of 600,000 and a working capital of 
£12,000,000. Over the primary societies are 120 central banks and a 
provincial bank, the latter serving also as the financial agency for a dozen 
mortgage banks and attracting funds for their use by the issue of 25-year 
bonds. A thorough au<lit of the primary societies is annually conducted 
by the employees of the Provincial Union, and of the secondary bodies by 
chartered accountants. A European banker has been appointed by Govern¬ 
ment as financial adviser to the Registrar of Co-operative Societies, not 
only because a small proportion (about per cent.) of the working capital 
has been lent by Government for special purposes, but also because the 
moral responsibility of the State for a movement so closely intertwined 
with the life of the pec^ple renders financial skill and caution indispensable. 
The managing officers and the directors of the central banks and the Provin¬ 
cial Bank gladly welcome technical advice, and though certain of the minor 
banks have from time to time been closed for lack of wise policy, no 
central institution in this area has ever failed to pay its creditors in lull 
or has required financial subsidies from the State. 

Surprise has sometimes been expressed at the ability of Indian peasants 
and artisans to accumulate considerable funds from their own savings, and 
there is no doubt that, when the earliest societies were founded 25 years 
ago, the prospect of such thrift appeared to be dim. Confidence has never¬ 
theless attracted the more long-sighted villagers towards the credit banks, 
and a sum of £3,250,000 represents the share money and other savings of 
the members in the Punjab. The remainder of the working capital is 
derived from deposits in the central banks, drawn, to a great extent, from 
the professional and clerical classes, who prefer to place their money in 
a .secondary and well-managed institution rather than in a virtuous, l)ut 
not highly educated, village society. Minor speculations in the latter un¬ 
doubtedly occur, but are not numerous or alarming if it be remembered 
that 92 per cent, of the people cannot read or write; the central banks, 
on the other hand, are financially sound, and maintain for the most part 
a good level of accountancy. The banks, no less than the primary .societies 
manage their own affairs, being advised by the official staff in difficulties 
and checked in case of irregularity. Such a supervision, which would be 
irksome and superfluous in a European community, is desirable and con¬ 
venient where business methods are less standardised and social pressure 
renders impartiality less easy to attain. 

The clearest conclusions from the comparison of the stricter and the 
looser systems are that simple men in an Oriental country require prolonged 
guidance in their economic dealings from trained experts, and that financial 
laxity should be immediately corrected before it becomes habitual. It is 
on these principles that the more successful Indian provinces have erected 
their co-operative organisations, and the less fortunate will, if patient and 
courageous, be enabled to rebuild their own. 
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HARVESTING THE RESULTS OF 
RESEARCH* 

A gricultural proi^ress depends to a great and always 
increasing extent upon the results of research—that is to say, 
upon the results of careful, thorough, and unbiassed investiga¬ 
tion into the various principles, conditions, and other matters 
that determine the actual field practices and methods. Such 
researches may deal with many subjects, as, for example, with the breed¬ 
ing of improved varieties or races that will give greater yield or belter 
quality, or both ; with the improvement of tools, of cultivation, of manuring, 
ot harvesting, of preparation of the produce for market, of its transport 
to market, of its sale there, and so on. In fact, a research may deal with 

any of the multitudinous factors that have some share in the final result. 

Any research that will show the cultivator how to produce greater money 
value than before, without involving greater increase in work or expenditure 
than is justifiable by that greater monetary return, is of value, and its 
results should be made public as soon and as widely as may be, (Inci¬ 
dentally, it affords another illustration of how^ all agricultural work hinges 
upon finance, which must never be lost sight of). 

Most results that actually occur in practice depend, how^ever, not upon 
one factor only, but upon many, and to carry a research to a 

successful conclusion depends often to a very large extent upon the 
capacity of the researcher to eliminate the action of all but one of these 
factors, and therefore to determine, what is the action of that one, 
and whether any modification in that action is likely to produce 
any benefit. Now for such work there is needed a worker with a 

particular type of mind, and he must be trained, in carrying out the 
kind of work required. Hut when a subject is made the basis of training, 
there must inevitably spring up a technical way of looking at it. Certain 
phenomena recur over and over again, and for these, to save enormous 
circumlocution, technical terms must be used, and in every branch of work 
such terms become frequent. To the spinner such terms as draft, count, 
weft, and so on become part of his ordinary every-day language, and equally 
so to the breeder are such terms as selfed, pure line, Fj, and the like 
while the grower, the ginner, the broker, and others also have their terms. 
But to the worker in one of these fines the terms used by another may not 
be at all familiar. 

Having carried out his research to the point where he has made 
up his mind as to i:ertain definite conclusions, the worker has next to 
submit it to the chief of his department, and it is upon the action taken 
by the latter that the value of the research largely depends, for it is through 
him that the results are to be brought home to the people who are to profit 
by them. 7'he question is, what action shall he take (of course, first satis¬ 
fying himself that the results are sound, and to be depended upon)? 

Before dealing with the bringing home of the results to the agricultural 
{Public to whom the department belongs, there is one aspect of the research 
work that must be considered. Any piece of sound work is of interest, 
not only in the place where it is carried out, but also to workers in otlier 
places, to whom it may save much time and labour that would otherwise 

* Fro;ij The Kmfire Cotton Growing Tteviewi Vol. VII, No. 2, April ld80. 
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have to be spent in what, after all, are but repetitions. Hut to make the 
results thus useful, full details must be published, and these are of little 
interest to the ‘‘constituency** of practical agriculturists who support and 
pay for the researches done. If the matter is of fairly wide general 
interest, one of the scientific or technical journals will usually be ready to 
take the paper describing it. But in cases where it is not thus acceptable, 
the chief will have to arrange some other method of publication, whether 
in hif» annual report or elsewhere. If he does not consider the details to be 
worth this cost, he must cut down the paper to make it suitable to the 
next category that has to considered below. 

The real matter to be dealt with in this article is, how are the results cf 
research to be brought home to the agricultural public—primarily, of course, 
that to which the depaiimenl belongs, and which pays the c'ost of it—as 
rapidly, as widely, as accurately, and as cheaply as is possible ? Here 
again the judgment of the chief is called into play, and it is he who must 
decide whether to ael by simple publication, by lectures, by held demons¬ 
tration, by more than one of these, or in other ways. 

Supposing that he decides that publication only will he suHicient, he 
is likely to Ijc faced with the dilTiculty that a large (probably a very largt') 
majority ol his constituency will be unable to understand I^nglish. Tliev 
may even speak two or more dilTerent languages. Further, they mav 
V(u"y likely he folk of but slight education, who will not be able to under¬ 
stand an} thing that is not couched in the very simp](*sl •possible language, 
'fhe chief will have to decide in what languages to ptihlisli, and will pro¬ 
bably hav(? to do some editing before* the article will be clearly and easily 
intelligible to his readers, it is not given to every research worker to 
express himself clt'arly in writing e)r in speech, and as already explain!‘cl, 
he is usually so steeped in a more or less technical language that he is 
apt to use it more than is absolutely necessary. Even if he avoids an 
excessive use of the terms themselves his expression is apt to be of the 
technical and abbreviated kind, which in general is not easy of understand¬ 
ing by the man who does iK^t himself work in that line, though he may 
he equally intelligent. In general, it is hardly too muc'h to say that many 
research and technical workers are apt not to be well endowed with the 
faculty of clear and liudd expression, whetlK‘r in speaking or in writing. 
The questitm then arises, whether the chief can himself supply the, needful 
clarity, or whether it is worth while to have a special linison ofiicer who 
can. A research paper, not infrequently, may need almost complete 
rewriting in simpler language to be properly understood and acted upon by 
the general agricultural public. 

i'o promote understanding of any new work by means of lectures, 
given by the author, is often more effective than public'ation in print, for 
the audience can ask questions until they liave received answers that wilJ 
satisfy them about the matter lectiii\*J upon. In the few cases where 
amount of work is suflicient to make a special liaison olficcr worth while, 
he should always be chosen in part for his capacity to give good and clear 
lectures, and in the vernacular when required. 

But it will very commonly happen that mere publication, whether in 
print or by lecturing (including vernacular), will not be enough, and that 
some practical demonstration of the proposed novelty is recpiired. This is 
a matter that requires very careful consideration, though again, of course, it 
falls to the chief to decide exactly what is needful, and to see that it is 
done. 

There are a number of ways in which demonstration may be given, 
and the best must be chosen for each particular case. One may have : 

(a) A demonstration plot or farm at headquarters (or elsewhere), or 
the same with branch farms, and one or all may be permanent or temporary. 
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(6) Demonstration plots in school gardens or other public or semi- 
public land: 

(1) Worked by departmental labour and supervision; or 

(2) Worked by school or other labour under more or less depart¬ 
mental supervision. 

(c) A demonstration farm or farms (plot or plots) upon land not 
belonging to the department or to the Government ; worked, as last, by 
departmental or by outside labour. 

(d) Peripatetic demonstration plots, plots opened at one place 
for the purpose of demonstrating some improved crop or method, and 
after a season or two moved to some other place; these will usually be 
upon land rented or otherwise obtained for the purpose, and will be worked 
as the last by departmental or other labour and supervision. 

(e) Peripatetic demonstations in railway or motou vans, or by other 
methods, and worked by departmental labour and supervision. 

There is much to be said for a permanent demonstration at headquarters, 
for it can be efficiently managed at the least expense, and has libraries, 
laboratories and the general staff of the department close at hand. The 
objection is that this one station is usually not enough, inasmuch as people 
cannot afford the time or the money to visit it if they happen to live at 
any seripus distance away. This difficulty can, to some extent, be got over 
by opening two or three or more stations at carefully selected localities in 
different parts of the country. 

For a number of things, where large areas are not required, school 
gardens or other public or semi-public areas may sometimes be made use 
of, and if the work does not require special skill or training, it may be 
done by the boys at small cost. 

Another method that has been employed with success in America and 
elsewhere is to engage a piece of land in private ownership, and either to 
give the demonstration upon it \yith departmental labour, or to gel the 
owner or occupier of the land to do the work himself under any needful 
departmental supervision, guaranteeing him against any loss that there 
may he, but allowing him to keep any profit. For work of this kind to be 
useful, extra care should be taken, before it is commenced, to be sure that 
the improvement is certain (so far as can reasonably be determined). 

For a number of lines of work, such an arrangement may with advan¬ 
tage be peripatetic, the staff moving on to a new place after a time. 

For many things, an actual peripatetic demonstration may be housed 
in som6 vehicle, and taken from place to place for exhibition. This method 
enables a great number of places to be visited, but is of course, unsuited 
to such subjects as improvements in cultivation and the like. 
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THE WORLD S COCONUT CROP 


S OME useful information may be obtained from the statistics of nut, 
copra and oil exports from the nut-producing countries of the world 
recently prepared in the Imperial Institute?, London. 

In the final summary of these statistics, coconut products 
exported are all reduced to one common denomination namely, nuts, 
and to achieve this, the following nut equivalent have been employed : 

1 ton of copra =5,000 nuts. 

1 ton of oil =8,125 nuts. 

1 ton of nuts =1,400 nuts. 


It must, of course, be underst(X)d that these equivalents are not true 
for all localities because of regional diflerences in wet meat weight per 
nut, in oil content per nut, and in whole fruit weight. For Malaya, the 
figures should be about 10^^, less than those shown above. hhis purely 
incidental observation does not detract from the value of the comparisons 
which may be made by a study of the abbreviated Table of Exports which 
has been prepared from the statistics of the Imperial Institute. 

In this I'able, only coconut products (exclusive of soap and glycerine) 
expressed as nut equivalents and actually exported are shown. Because 
one-third of the copra trade of Malaya is in copra imported into Penang 
and Singapore from surrounding islands for conversion Into copra locally 
or for re-export, in this and in similar cases due corret'tion has been made, 
and only the true exports shown. In one case, w’here the figures for 1928 
are not available, an estimated figure, obtained from the figures for the 
previous three years is given instead. 

d'he pre-eminence of the Philippine Islands and the Netherlands East 
Indies as nut-producing and copra-pr<Klucing countries is very marked. 
Between them they produce about two-thirds of the world's nuts and 
over one half of the world’s total annual production of copra which is in 
the reighbourhood of 100,000 tons of copra equivalent to 5,000,000 nuts. 
In copra production for export, Malaya comes fifth, with Ceylon a close 
sixth, though if consideration is allowed for the copra converted into oil 
in C(‘ylon then that colony becomes the senior copra-producing country of 
the two. 

In the export of whole nuts, Malaya conies a goovl third. 'i1ic collec¬ 
tion of nuts for this purpose is confined to a few small districts, the bulk 
being mainly exported through Penang to Burma, Such nuts, whether 
for home use or for export are preferred under-ripe and for this reason, 
where nuts are picked both for conversion into copra and for human con¬ 
sumption, the quality of the copra is apt to suffer, as the very under-ripe 
all-green nuts which are preferred for eating yield only about half the weight 
of copra which may be obtained from fully ripe brow’n nuts, and the oil per¬ 
centage of the copra obtained is much Jow^er. 

It will be seen that among the nut-producing regions of the world, 
the Philippine Islands take the lead for oil production, because nearly half 
the annual crop is converted into coconut oil on the spot. Ceylon comes 
next by crushing 38% of its annual crop. About one half of the oil so 

* An analysis by F, C. Cooke, Assistant Chemist for Copra Investij^ations, IV])ari- 
ment of .Agriculture, S.S. & F.M.S., of Statistics prepared i)y the Imperial Institute. From 
The Malayart Agricultural Journal, Vol. XVIII, No. 7, July 1930. 
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produced is imported to Great Britain and India takes a large proportion 
of the remainder for cooking and for domestic use. The Netherlands East 
Indies follows next in order and although only 10% of the annual crop is 
turned directly into oil, the aggregate so converted is almost equal to that 
for Ceylon. Malaya, on the other hand, is a bad fourth and although of 
the nuts produced locally, 10% are converted to oil, the aggregate is very 
small. When consideration is allow^ed for the total nut equivalents imported 
and also those consumed locally, the oil production drops to 5% of all 
the nuts handled. 

In Malaya, oil mills are to be found at Penang, Singapore, Klang 
and Kuala Selangor, but very little of the oil produced, is for export to 
Europe ot to the U.S.A., but is consumed mainly in Malaya and in the 
surrounding countries in the form of cooking oil and soap, and for other 
domestic purposes. 

The explanation for the continued pre-eminence of the Philippine 
Islands in oil production may be due to the fact that they have satisfactory 
markets for cattle cake in the U.S.A. and Eastern Siberia or else to the 
absence of import duties and the preferential tariff for the entry of the oil 
into the U.S.A. 'fhis industry was first established on a large scale, on 
account of high prices ruling during the war. The exports of oil and cc^pra 
from the Philippines are now nearly three times what they were in 1917 
and it would appear that the stimulus of war prices resulted in a con¬ 
siderable extension of the planted areas which have since cimie into bearing. 

The total consumption of nuts in all forms in Malaya is high, and 
may be estimated at 50 nuts equivalent per annum per bead of the popula¬ 
tion of 4,000,000 people. This brings the total consumed locally to the 
not inconsiderable total of 200,000,000 nut-equivalents, or 25% of the 
annual ciop. While this does not appear in the Table of P^xports, the 
exports of nuts and oil for native consumption to the surrounding islands 
are, of course, in(‘luded in the figures showm. 

If allowance is made for locol consumption of nuts in txx'.onut-growing 
countries at an overall average of 10% of the crop, the world’s annual yield 
of coconuts may be estimated as being in the neighbourhood of 
8,000,000,000 nuts. 

THE WORLD’S ANNUAL COCONUT CROP—1928 

Table to show in what form nuts are exported, and the total number 
of nut-equivalents exported from each of the principal coconut-growing 
regions of the world. 

Millions of Nuts Exported 


Locality 

As 

Nuts 

As 

Copra 

As 

Oil 

Totals 

Exported 

Dutch East Indies 

N 

2,191 

255 

2,446 

Philippines 

N 

1,154 

1,137 

2,291 

Oceania : I^iji 

N 

342 

N 


New Guinea 

N 

230 

N 


Solomons 

N 

78 

N 


Tongan Isles 

N 

110 

N 


West Samoa 

N 

60 

N 


New Hebrides 

N 

51 

N 


Papua 

N 

48 

N 


Bilbert Isles 

N 

13 

N 



932 


932 
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Locally 

As 

Nuts 

As 

Copra 

As 

Oil 

Totals 

Exported 

India and Ceylon : 

Ceylon 

18 

494 

317 


Malabar, etc. 

N 

i 

24 



18 

494 

3*^0 

«;5'Z 

British Malaya : 

Federated Malay States ... 

N 

342 

N 


Unfederated Malay States 

N 

19()t 

N 


Straits Settlements 

9 

N1 

60 


Sarawak 

N 

10 

N 


N orth Borneo 

N 

16 

N 



------ 

558 

bO 

627 

[Vest Indies, etc : 

'IVinidad 

1 

48 

2 


Jamaica 

31 

17 

N 


British Cuiana 

N 

17 

1 


Remainder 

N 

6 

N 



38 

88 

3 


East Africa : 

Zan/ibar 

i 

47t 



Tanganyika 

N 

47 

N 


Mauritius 

N 

7 

N 


Kenya and Uganda 

N 

7 

N 




, . , ... 


_____ 



108 

i 

109 

West Africa : 

Nigeria 

N 

Jr 

N 


Sierra Leone 

N 

N 

N 


Gold Coast 

N 

7 

N 



— 

7 

— 

8 

(iRAND TOTALS 

65 

5,533 1,176 7,374 

Million nul-Equivalents. 


N = Nil or negligible, t - Corrected for imports •! — Approximate,' esiimate 
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EMPIRE MARKETING BOARD STIMULATING 
TROPICAL RESEARCH* 


TEA AND COFFEE FIGURE PROMINENTLY IN THE 

PROGRAM 


S INCE the establishment of the Empire Marketing Board, four years 
ago, substantial grants have been made from its fund towards 
the maintenance and development of the Imperial College of Tro¬ 
pical Agriculture, Trinidad. 1'he objects of the college are to 
provide training in the science and practice of tropical agriculture 
to students intending to become tropical planters, agricultural officers, or 
specialists in different branches of agricultural science, and to offer facili¬ 
ties for the study of tropical agriculture of graduates of other colleges and 
universities. 

An important feature of the college is the provision for research which 
its new laboratories and fields afford. Past students of the college are 
now employed in India, South Africa, Swaziland, Southern and Northern 
Rhcxlesia, East and West. Africa, Ceylon, Malaya, the West Indies, and 
other parts of the Empire. Durdng the year just ended (May 1930) 
Professor F. L. Engledow of Cambridge University visited the college at 
the invitation of the Board to report upon the future policy of the college 
so far teaching and research are concerned. IVofessor Engledow 
emphasised the interconnection between post-graduate training and research 
and made certain recommendations for the future development of the college 
which are now being considered by the Governing Body, 

The Board\s grants for tropical and sub-tropical development consists 
of £21,000 ($105,000) capital and £56,000 ($275,000) spread over a pericxi 
of four years. Of this £6,000 ($30,000) per annum for three years has been 
granted to the East African Agricultural Research Station at Amani, for 
which contributions estimated at £12,000 per annum are provided by the 
East African Governments. The research program of this station includes 
(1) surveys of the basic types of East African soils; (2) the collection and 
correlation of data regarding climate; and (3) a study of the results of 
the interaction of soil and climate as expressed in the natural vegeta¬ 
tion. Investigations proposed relate to coffee problems; problems connected 
with the conservation or restoration of soil fertility; plant breeding 
with particular reference to coconuts, cinchona, tea, coffee; sugarcane, 
etc. ; the collection and cultivation of a wide range of plants used as fish 
poisons, etc., for the study of the production and use of their active principles 
as insecticides in co-operation with work on this subject at the Rothampsted 
Experimental Station; virus diseases of tropical plants; and investigations 
on problems presented by specific pests and diseases. 

Tea research is receiving attention both in India and Ceylon. A grant 
of £3,125 ($15,625) capital and £687 ($3,435) per annum for five years has 
been made to the Indian Tea Association, and similar sums are being pro¬ 
vided by that Association. These grants were approved last year on the 
recommendation of the Indian Imperial Council of Agricultural Research, 
towards the cost of establishing plant and developing at Tocklai a laboratory 
of plant physiology where problems connected with the constitution and 
composition of the tea plant can be studied. 

* From The Spice Mill, Vol. Llll, No. 8, August 1930. 
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Although considerable work has been done upon the study of soil and 
fertility problems, it is clear that only the fringe has been touched and that 
more research work on these problems is needed. It is now^ proposed to 
investigate the changes that can occur, or that can be brought about by 
various modifications of manurial treatment, soil reaction, soil moisture and 
the' like, in the composition of thd tea plant (especially the leaves), and how 
such changes will aflFect resistance to itivsects and fungi and will modify the 
quality of the finished tea. These are problems, the solution of which would 
be of funditmental value not only to the Empire tea planting industry, but 
to other permanent plantations. 

A capital grant has been made in the past year to the Ceylon Tea Re¬ 
search Institute, a sum of £1,000 having been granted for the purchase of 
experimental small-scale machinery and plant for the factory of the Tea 
Research Institute of Ceylon. The present staff of the Institute is qualified 
to undertake investigations in all the major branches of research as applied 
to the tea industry. Special attention is being paid to the fundamental 
physical properties of the soil, its degree of laterization and the inter¬ 
relationships between soil type, basic exchange and soil reaction. Already 
certain fundamental differences between average tea soils and other tropical 
soils are beginning to emerge. A comprehensive program of research on 
the changes accompanying tea manufacture is in hand and a detailed study 
is being made of the composition of the fresh leaf including the variation in 
composition from plucking, and at different times of day, over a pruning 
cycle. 

The additional plant and machinery at the Institute’s factory wiW make 
possible a more complete study of the withering and subsequent processes 
of rolling, fermentation and drying, and render possible the manufacture of 
tea from small quantities of leaf from the experimental plots and allow* of 
comparisons being made between different treatments. 
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RICE GRASS: ITS DUAL UTILITY* 


ECONOMIC VALUE OF STRANGE PLANT 


R ice grass, SparUna l\) 7 vnsendn, now world famed largely as a 
result of the interest of the Empire Marketing Board in its possi¬ 
bilities, first appeared in 1870 as a strange grass along the shores 
of Southampton Water. Its origin is obscure, though one 
theory holds il to be a hybrid between an American plant brought 
over accidentally and the English cord grass, Spartina Strict a ; but as a new' 
means, first of reclaiming marsh and other tidal lands and preventing coast 
erosion, and second of feeding livestock, its potential value is hard to 
estimate. 

The grass grows extraordinarily fast and can stand up to three, or four 
feet of sea water over it at every high tide. Within a few years of its 
inlrcKluction it had spread over the Southampton estuary and made its way 
along the coast to Poole Harbour, Dorset, firmly establishing itself among 
the mud flats there. Its long fibrous roots bind the mud and consolidate 
the land, helping it to retain the silt’carried along by the river or sea tides. 
By the tenacity of its root system it forms a protective buffer over sea walls 
against the ravage of heavy seas. 

The economic possibilities latent in these qualities were pointed out by 
Professor Oliver, of London University, in 1920, and in 1925 Mr. James 
Bryce, of the East Anglian Institute of Agriculture, Chelmsford, began 
experiments. The results attained came under the notice of the Empire 
Marketing Board, which made a grant to the Institute tw'o years ago, again 
illustrating the vision with which it has encouraged developments and 
research of economic importance to the Empire, along whatever lines. 

The blast Anglian Institute has established sixteen colonics of rice 
grass in its area and many farmers whose lands run down to the sea or 
extend over parts of the mud flats of Essex are growing small areas both 
as a reclamation measure and as feed for livestock. On the Salvation Army 
farm at Hadleigh, Essex, where boys are trained for settlement in Canadi 
and Australia, fourteen acres have been planted on a strip of land that i* 
covered by high tides. Another centre is being established at GoldhangC’' 
on the estuary of the Blackwater River, Essex, in order to protect and 
recover a large area of land abandoned by a recent breach of the sea wall. 
In Essex alone there are reputed to be 30,000 to 40,000 acres of mud flats 
capable of transformation into grazing pastures. In this task of reclama¬ 
tion the Institute is stimulating the use of rice grass. In Holland large 
areas of it are being successfully grown from seedlings supplied from Poole 
Harbour, and the plant is being used in the Dutch reclamation scheme in 
Zuyder /Lea where it is estimated that it saves ten years’ ordinary reclama¬ 
tion work. 


* From Empire Production and Export, No. 168, March 1980. 
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An export business beg-an in 1924, when large quantities of the grass 
were exported from Pcwle Harbour to Holland for experiment. An astute 
fisherman, realising that money could be made from the seedlings, estal)- 
lished a monopoly of the export from Poole, which until last year remained 
almost the only export area. Besides Holland, seeds or seedlings have 
now been sent to Portuguese West Africa, and within the hhnpire to Austra¬ 
lia, New Zealand, South Africa and the Federated Malay States. 
Enquiries have been received from Newfoundland, h-gypt, South America 
and the United States of America. Though to<lay the plant is available in 
many parts of the Empire and foreign countries, its outstanding siic('esses 
have been obtained in England and Holland. 

The value of rice grass as st(M:k feed can only be di^c'ided by extensive 
tests which will shortly be made in East Anglia where, however, it has 
successfully been made into hay for winter feed. Sheep which were fed 
on rice grass last summer appeared to thrive on it. Ibgs are said to 
regard it as a delicacy; the Empire Marketing Board quotes instances 
where pigs, in order to feed on the grass, swam a narrow neck of water 
to an island on the 'Fhames estuary, where Mr. Norman Angell, the econo¬ 
mist, is growing the plant extensively. 


TRANSPLANTING FRUIT TREES* 

T he transplanting of partially developed fruit trees is seldom 
attempted on account of the risk of failure and the trouble en¬ 
tailed in endeavouring to retain sufficient fibrous roots to ensure 
a reasonable prospect of success, frees up to five or six years 
old, where subject to the necessary preliminary treatment, cannot 
only be removed without risk of failure, but transported satisfactorily over 
long distances. It will be recognised that the sustenance of the plant is 
absorbed by the small or fibrous roots in the immediate vicinity of their 
terminals, and by inducing a profusion of these within a short radius of 
the stem the chances of failure are practically nil. A profusion of small 
roots may be ensured by cutting through at the desired distance from the 
tree (ES to 24 inches, according to the size of the tree) all roots to a depth 
af 18 inches. In so doing- a trench is made around the tree, and the ends 
of roots carefully pared if the cutting lias not been “clean.’' The trench 
is then refilled with soil containing a good supply of humus, and in about 
three months’ time the original root ends will have developed a good supply 
of fibres. At the time of removal these are not interfered with more than 
can he avoided, the necessary excavation for removing the tree from its 
original position and severance of any lower roots being* made beyond the 
terminals of the young root growth. The head of a large tree should be 
materiahy shortened at the lime of removal. The cutting of roots in the 
first instance should be performed when the tree is in a dormant state; in 
the case of citrus, conditions are generally favourable about March : Tropical 
varieties handled in this manner can be removed at almost any lime after 
sufficient roots have formed and hardened, and may be first treated at any 
time of the year at the period known as “between grow^ths.” 

* By Geo Williams, Director of Fruir Culture in the Queensland Af^rieultural 
journal, Vol. XXXIV, Part 1, July 1930. 
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ANIMAL HUSBANDRY^ 

I N strikinf^ contrast to farming in the temperate zones comparatively 
little attention has been paid to livestock in tropical agriculture. 
According to the European concept of farming, agricultural pros¬ 
perity is regarded as being largely bound up with the successful 
combination of crop and animal husbandry. In the tropics, gene¬ 
rally, on the other hand, in relation to different climatic conditions, this 
useful combination has not been attempted to any marked extent. 
Hitherto, the chief use of animals in the tropics has been for draught 
purposes, and there has been little attempt to improve them as producers 
of meat and milk. Also, the lack of care bestowed in general upon any 
but working cattle is distinctly unfortunate. With, however, the rapid 
colonization of the tropics there has been a growing demand by Europeans 
for fresh meat and milk—shortages of such animal products have definitely 
occurred and the demand which has often amounted to a craving, has had 
to remain unsatisfied. Further, as agriculture develops the native will have 
perforce to turn from the hoe to the plough and for this purpose will need 
cattle. The relationship between crops, stock and farmyard manure is 
clearly understood in settled agricultural countries but seems to be little 
in evidence in the tropics where the continued opening up and use of tracts 
of land is taking a heavy toll of the original fertility of the soils. It may 
be remarked therefore that the time has come to study more closely the 
future prospects of livestock in the development of agriculture in the 
tropics. 

Many reasons can be advanced to explain why animal husbandry has 
hitherto played a relatively unimportant part in tropical agriculture. Cons¬ 
picuous among these is the shortage of good grazing lands. Further, as 
a fairly large proportion of the tropics is essentially concerned with the 
production of perennial crops, an extensive system of animal husbandry 
has not been required. In the northern hemispheres, on the other hand, 
the production of crops is mainly confined to annuals and animals are ust^d 
to consume surplus produce and crops which are grown but are not sold 
for human consumption. Also the further north the country is situated 
the easier it is for animals to find food on which they can thrive. Here 
natural food owes its value principally to the long perkxis in which, on 
account of climatic factors, vegetation remains in the protein state of deve¬ 
lopment, in contrast to the tropics where growth is speeded up so that the 
less nourishing carbohydrate and fibrous state is quickly reached. Thus 
the relationship between plant and animal growth and climatic factors 
appears in the northern hemispheres to have reached its optimum. Another 
great handicap to the successful development of stock industries in the 
tropics is to be sought in the heavy incidence of disease specially due to 
parasitic pests and debility consequent upon the effects of the climate. No 
sooner have domesticated animals been introduced in districts where natural 
conditions would appear suitable, than they fall a prey to these enemies. 
Indeed it is sometimes impossible for stock to survive. Such districts 
which have had to be abandoned, therefore, will only regain their poten¬ 
tiality as areas for livestock production when measures have been found 
to overcome the present difficulties. 

* From Tropical Agriculture, Vol. VH, No. 6, June 1980. 
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In this connection the Empire Marketing Board has already sifpported 
the Onderstcpoort Station in the Transvaal to carry out further veterinary 
researches; it has provided funds to conduct researches into the mineral 
deficiencies of pastures in Kenya while it has also drawn particular attention 
to some of the most vital problems, mainly disease, which at present are 
a'ffecling the proper development of livestock industries in the tropics. 
Certain schemes have been submitted which, it is hoped, will in due course 
be carried into effect. Quite recently also the Empire Marketing Board 
has erected a quarantine station in the United Kingdom to help with regard 
to furthering the exportation of pedigree stcx:k to overseas parts of the 
Empire. 

Local Departments of Agriculture are also tackling livestock problems 
on the spot. Turning to the West Indies, Jamaica and Trinidad have been 
particularly fortunate recently in receiving a visit from Mr. Hammond of the 
School of Agriculture, Cambridge, w^ho w^as appointed by the Empire Market¬ 
ing Board to investigate the inheritance of milk and other characters in 
(Tosses between local and European breeds. The views which Mr. Hammond 
has largely expressed have, excited much interest and stimulated the desire 
for more knowledge on a subject which is, as yet, little understood. The 
results of his investigations slioukl prove of much value in guiding those 
who have launched stock enterprises in these colonies. While conditions 
for stock producti(m appear particularly suitable in parts of Jamaica, 
favoured as it is by its grazing lands, in Trinidad the position is not quite 
as propitious although it has been shown at the Government Farm that 
much can be done to improve the breeds of indigtuious stock. Also, 
although there are practically no suitable grazing land districts in Trinidad 
it is satisfactory to find that already a number of dairies are operating 
successfully and supplying some of the local demand for fresh milk. There 
is nevertheless ample scope for increasing the local supply of animal pro¬ 
ducts. Statistics of imported animal products show that over £450,000 
was spent in 1928 on these products by the Colony which, for that year, 
represented just over one-sixth of its total exports of raw’ materials (i.e., 
sugar, C(x:oa, etc.). This appears to be a very high figure and show’s that 
there is room for the local stockbreeder to increase his production. 

Success in livestock enterprises in the tropics, in our present state 
of know-ledge, offers a number of difficulties. Animal husbandry may be 
said to be still in its pioneering stage. Little is known on methods of 
stock management and practically no reliable data are available on foods 
and feeding; much more knowledge is also required on the value of some 
local foods consumed by stex^k, w’hile there is much need to explore the 
production and uses of new kinds of fodder crops. Other important 
questions that need study are those of water supply, the management of 
pastures, and parasitical diseases where it may be necessary to discover 
disease resistant breeds and to evolve new^ methods of control. With 
regard to the dairy industry it has aJw^ays been a matter of great difficulty 
to produce milk under sanitary conditions in the tropics and more attention 
will have to be paid to the sterilization of utensils and to proper methods 
for cooling milk. This should be coupled with sound organisation. 
Lastly, the study of animal genetics will also involve a number of 
important problems. Careful selection of stock will have primarily to be 
the main basis of livestock improvement. There are two methods that 
could be adopted, the first would consist in importing selected animals 
from the temperate zones, acclimatising them and crossing them wdth local 
stock to build up a new breed from an admixture of the two; the second 
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would consist in selecting local breeds and improving them by methods 
already evolved in the temperate zones. This would be a slow process. 
The former method has already been attempted and with success, specially 
in Trinidad. With few exceptions, controlled stock raising in the tropics is 
still in its infancy. 

There are no breed societies and no herd books and it will be necessary, 
in future, to exhort people to select animals only for a certain purpose. 
The formation of herd books would appear to be vital, while further interest 
might be stimulated and knowledge gained by the organisation of more 
livestock shows. 

It will be seen that the tropics afford many opportunities for pioneer 
work in animal husbandry. Economic possibilities in the more suitable 
districts for successful animal production should arise in future but before 
embarking on stock enterprises much attention will have to be paid to the 
solution of some of the problems already outlined. The 1932 Imperial 
Conference will probably examine the present position of the livestock 
industry in the tropics and take steps to decide on a uniform system of 
keeping milk records on the lines of the Ministry of Agriculture’s scheme. 
Livestock also offers a very wide field for research in the tropics and as 
there is much to be done in that direction the appointment of a large number 
of livestock officers who could be trained at existing livestock stations 
appears very desirable and should be encouraged. 
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CARE OF THE DAIRY COW AT CALVING TIME^^ 


T he cow about to freshen should be cared for and fed in siuh a way 
that she will calve easily and normally, recover rapidly from the 
effects of calving*, and start her lactation period in g;(K)d health. 
Proper management at this time means more living calves, fewer 
sick cows, and better chances for a longer period of greater 
milk and butterfat production. 

Care Before Calving .—Take care that the cow due to freshen soon is 
not injured by slipping on stable floors or on ice, by crowding throug;h door^ 
ways and at the water tank, or by mounting other cows that may be in 
heat. Separate the cow from the rest of the herd several days before the 
calf is due. Place her in a roomy box stall that has been thoroughly 
cleaned and disinfected by removing all manure, by scraping and scrubbing 
the floor and walls, and by spraying them with a good disinfectant. 
Jh'ovide a box stall that is free from drafts and keep it well bedded with 
straw, shavings, or other material so the cow will be comfortable. F^y the 
time the calf is dropped she will be accustomed to her new surroundings. 

The cow needs exercise at this time. In winter, when the weather is 
not too cold or the ground t(x> slippery, she may be turned out in a pro¬ 
tected yard and allowed to exercise each day. In summer a small pasture, 
conveniently located so the cow and calf may be given the proper care and 
attention, makes an ideal calving place. 

It is well to stanchion the heifers with the milking herd foi two or 
three months before calving. Brush them gently and handle tlu‘m every 
day, to accustom them to the attendant, thus making them gcntl(‘r and 
easier to milk. 

Feeding Before ('alving. —'I'he cow that has been dry for six weeks 
to two inonlhs and has been fed grain during this period, should be in 
good flesh at calving time. Several days before calving, the quantity of 
silage and hay may F>e reduced slightly and the grain cut down to 3 or 4 
pounds daily. Feed cooling, laxative feeds, such as a mixture of ground 
oats, wheat bran, and linseed meal. The drinking water should not be too 
cold. For several hours before calving, feed the cow very little hay or 
silage. A warm bran mash would be very l)eneficial. If the bowels do 
not seem to be laxative enough, give her 1-pound dose of Epsom salt. 

Care During Calving .—At the first signs of calving, do not allow the 
cow to be disturbed. Watch her condition, however, from lime to lime. 
After she has laboured an hour or two, have an examination made by an 
experienced person to determine whether the calf is in normal position, which 
is nose and front feet foremost with the front feet alongside the head. 
Usually the calf is in this position, and the cow is able to expel it without 

* By J. B. Shepherd, Associate Dairy Husbandman, Bureau of Dairy industry, 
U, S. Department of Agriculture. From Leaflet No. 10. 
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much difhculty. If the calf is not in this position however, it can some¬ 
times be pushed back into the womb; and turned so that it may be presented 
normally. If it is evident, after two or three hours of straining*, that the 
cow is going to calve with difiiculty, steps should be taken to help her. 
To make sure' that the cow will not be injured in handling, have a qualified 
veterinarian or an experienced person care for her at this time. 

Care of the Newborn Calf ,—Give the calf attention as soon as it arrives. 
Sometimes a slimy membrane covers its nose. If membrane covers the nose, 
remove it so the calf can breathe easily. Usually the cow will dry 
the calf by licking it vigorously. If she does not do so, dry the calf with 
burlap, straw, or other suitable material. Soon the calf will attempt to rise, 
and in half an hour it will be nursing. If it is weak and unable to stand 
and nurse, hold it to the cow’s udder. Give the calf the first milk (colos¬ 
trum), which is very beneficial in cleaning out its system and in aiding the 
organs to start functioning. To guard against navel infection, apply 
tincture of iodine to the calf’s navel soon after birth. If a long cord is 
left attached to the navel, cut it off an inch from the body before applying 
the iodine.* 

Care After Calving .—Just after calving, the cow is in a weakened 
condition, and her digestive system is sluggish. She needs little nourishment 
but should be kept warm and comfortable. It is a good practice to give 
her lukewarm water to drink, and to follow this with a warm bran mash 
if she is disposed to eat. If the barn is at all chilly, a blanket will help to 
keep her warm. Thus cared for, she should be able to expel the afterbirth 
normally within a few hours after she has calved. If it is necessary to leave 
the cow alone, halter and tie her so she cannot reach the afterbirth after 
it has been expelled. Remove it from the stall as soon as possible. 

If the afterbirth is not expelled haturally within the first 48 hours, its 
retention usually is due to inflammation of the womb. Retained after¬ 
birth should be dealt with by a qualified veterinarian, for it may be 
followed by, or induce, barrenness.' 

Milking .—The time of the first milking will depend on the condition 
of the udder. Usually it will not be necessary to milk the cow for at least 
12 hours after she has calved, and then only part of the milk should be 
drawn. It is a good plan to leave some of the milk in the udder at each 
milking for at least two days after calving. This may help in the pre¬ 
vention of milk fever. 

Milk Fever .—Milk fever generally attacks mature cows and usually 
occurs within two days after calving, if it does occur. It may be recog¬ 
nized by a staggering gait and lack of control of the hind legs. As the 
disease progresses the cow goes dowm in a stupor, lying in a natural position, 
except that the head is usually turned toward the flank. Later, paralysis 
may become general, and then the cow lies on her side. 

Treatment should be given promptly. First, cleanse the ends of the 
teats with a disinfectant solution. Then inflate the quarters of the udder 
with sterile air by means of a special milk-fever outfit which has been 

* Further inforrhation on the care of the calf is given in Leaflet 20, Care of the 
Dairy Calf. 
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cleaned and sterilized just before it is used. Tie the teats with broad 
tapes to prevent the air from escaping-. At the end of three hours remove 
these tapes and massag^e the teats. Usually one treatment is sufficient, 
but occasionally a second treatment is required. 1'his treatment is simple, 
easy to administer, and is very effective. The milk-fever outfit may be 
purchased from almost any dairy or veterinary supply house. 

Congested Udder ,—If the cow is at all feverish or the udder hard and 
congfested, give a 1-pound dose of Epsom salt. If this does not have 
the desired effect, give a second dose two days later. Leaving the calf 
with the cow longer than the usual one or two days may help some. 
The calf’s frequent sucking and massaging of the cow’s udder seem to 
aid in lessening the congestion. In persistent cases, milk the udder three 
or four times daily, then massage it thoroughly and apply camphorated oil 
to the affected quarters. Keep the cow in the barn and away from drafts. 

Feeding After Calving ,—.‘\fter two days, if everything is proceeding 
normally, the cow may be placed in the stable with the milking herd. Give 
her all the hay she will eat and a little silage or other succulent feed. 
Feed about 4 pounds of grain, laxative in nature, at first, and increase the 
amount gradually. 'I'oo much grain at this time is likely to cause digestive 
disturbances and hinder the reduction of swelling in the udder. Three 
weeks or more should be taken to get high-producing cows on full feed, 
whereas medium and low producers may be fed their full allowance in 
somewhat less time than that. 
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MEETINGS, CONFERENCES, ETC. 

COCONUT RESEARCH SCHEME (CEYLON) 


BOARD OF MANAGEMENT 


M inutes of the sixth meeting of the Board, held at 11 a.m. 

on Saturday, June 14, 1980, in the Sale Room of the Cham¬ 
ber of Commerce, Colombo. 

Present : The Hon’ble Dr. W. Youngman, (in the chair). 
Sir Marcus Fernando, Mr. J. Fergusson, Cate Mudaliyar 
A. K. Rajapakse, J.P., U.P.M., Mr. N. R. Outschoorn, and Mr. J. I. 
Cnanamuttu (Secretary). 

Apologies for absence were received from the Hon’ble the Acting 
Colonial Treasurer, the Hon’ble Mr. A. Mahadeva and Mr. J. Sheridan- 
Pat terson, J.P., U.P.M. 

Mr. Martensz of the firm of Messrs. F. j. and C. de Saram was 
present by invitation. 

1. Minutes ,—The minutes of the meeting held on April 2, 1980, copies 
of which had been circulated to members, were taken as read and were 
oonfirmed and signed by the Chairman. 

2. Board, of Management ,—'The Chairman announced that the Hon’ble, 
Mr. C. H. Z. Fernando had become an ex-ofiicio member of th(‘ Board 
upon his election as Chairman of the Low-Country Products Association 
and that the Hon’ble Mr. D. S. Senanayake, his predecessor in that office, 
had been nominated by His Excellency the Governor to serve on the Board 
as an Unofficial Member of the Legislative Council. 


3. Bandirippmvu Estate ,—Sir Marcus Fernando enquired whether, 
in view of recent criticisms against ttie selection of this estate and the nece.s- 
sity of reserving funds for the establishment of sub-stations in other coconut 
districts, an area of about 150 acres would not suffice for the central station. 
I'he Chairman replied that such an area under these suggestions should 
be adequate. 

It was proposed by Mr. Fergusson and seconded by Sir Marcus 
Fernando that the scheme should acquire the block of 154a 2r 18p of Bandi- 
rippuwa Estate to the west of the Government reservation for a road and 
that, if the vendor accepted the offer, Government be moved to acquire this 
block under the Land Acquisition Ordinance in order to give a clear title. 
This was agreed to. It was further resolved that the F.state Sub-Committee 
should proceed to consider the selection of another estate if the owner 
rejected this offer, or if, for any reason, Government was unable to act 
under the Land Acquisition Ordinance. 


4. Staff: (a) Appointment of Director of Research ,—The Chairman 
announced that Mr. W. E. de B. Diamond had accepted the appointment 
of Director. It was desired that Mr. Diamond should be asked through 
the Colonial Office to report when he expected to arrive in Ceylon. 

(b) Appointment of Geneticist ,—^The Chairman reported that he had 
received two applications for the post, one of which could not be considered. 
He proposed to circulate his recommendation on the other application to the 
^embers of the Board so that a decision could be made at the next meeting. 

^ (c) ,4ppointment of Superintendent of Estate ,—Consideration of 
appointment was deferred till the acquisition of the e.state. 



241 


(d) . Provident Fund ,—The Hon’ble the Acting^ Ck)lonial Treasurer's 
letter dated 5th June, suggesting the purchase of Post Office Savings Bank 
certificates and the creation of a provisional fund was read and noted. It 
was resolvtxl that the fund should tie opened upon the confirmation of the 
clerk and the peon in their posts at the end of their one year’s probationary 
service. 

5. Future Meetings ,—It was decidt^d that the Committee room of the 
(irand Oriental Hotel be secured for future meetings of the Board in 
Colombo, and that the members bo circularised for their opinion whether 
Peradeniya would suit them for the next meeting. 

By order, 

J. I. GNANAMUTTU, 
Secretary, 

Coconut Research Scheme. 

Peradeniya, June 21, 1930. 


M INU'I KS of the seventh meeting of the Board, held at 11 a.m. 

on W'ednesday, September 3, 1930, in the ballnxmi of the 
Grand Oriental Hotel, Colombo. 

Present : The Hon’ble Dr. W. Youngman, (in the chair), 
Mr. C. W. Bickmore, C.C.S., Mr. j. Fergiisson, the Hon’ble 
Mr. C. H Z. Fernando, the Hon’ble Sir H. Manxis Fernando, the Hon’ble 
Mr, A. Mahadeva, Mr. [. Sheridan-Patlerson, |.P., C.P.M., Mr. John A. 
Perera, j.P., IkP.M., Gate Mudaliyar A. F. Rajapakse, J.P., C.P*M., the 
Hon’ide Mr. D. S. Senanayake and Mr. j. 1. Gnannmutlu, (Secretary). 

1. Minutes,--Vhe minutes of the meeting held on June 14, 1930, 
copies of whic'h had been circulated to members, \vert‘ taken as read and 
were t'onfirmed and signed by the C'hairrnan. 


2. Finance, —'I'he statement of nxeipts and expenditure for the 
quarter ended June 30, 1930, was passed without ('omments. It showed 
a cf'edit l)alance at that date of Rs. 94,860'17, of which Rs. 80,000 was on 
fixed deposit (earning interest at 4%) and Rs. 14,860*17 on current account. 

'I'he Chairman reported that neither the initial (iovernment grant nor 
the loan provision to meet the capital expenditure of the Scheme could be 
utilised before the end of September, and he thought that the grant of 
Rs. 200,000 would be revoted in 1930-1931, while Rs. 150,000 out of the 
entire loan of tlie Rs, 200,000 would be carried forward to 1930-1931. 

3. Banciirippttiiui Estate. —I'he Chairman read extracts from corres¬ 
pondence with the Government Agent, North-Western Province, and the 
Surveyor-General relating* to the steps preliminary to tlie acquisition oi 
Bandirippuwa Instate under the Land Acquisition Ordinance. He regretted 
that, in spite of all the efforts that had been put forward, there was little 
progress to report. I'lie property was being surveyed by the Survey 
Department, after which Government would issue the mandate for 
acquisition. 

4. Staff: (a) Director ,—The Chairman reported that Mr. W. K. de 
B. Diamond, Director of Research, was due in Ceylon on September 29. 
The Chairman was authorised to engage a furnished bungalow in the neigh¬ 
bourhood of the estate for the use of the Director for one year pending 
the erection of a bungalow on the estate. 

(b) Secretary-Accountant ,—The Chairman recommended that the 
existing arrangements for the performance of the secretarial duties at 
Peradeniya be continued and proposed to make the same recommendation to 
the Rubber Research Scheme. It was desired that Mr. Gnanamuttii be 
asked to serve in the combined post of vSecretary-Accounlant to both the 
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Coconut and Rubber Research Schemes for a further period of one >ear and 
that Government be moved to extend his period of secondment without 
prejudice to any opportunity of promotion in the permanent service which 
may offer in the meantime, 

(c) Geneticist .—The Chairman reported that, out of two applicants 
for the post, he considered Mr. W. V. D. Pieris was eminently suitable 
for employment as Geneticist. In reply to Mr. Mahadeva, the Chairman 
said that the first business of the Geneticist would be to select specimens of 
coconuts from various estates for individual research work. It was pro¬ 
posed by Mr. Senanayake, seconded by Mr. Fergusson, and carried 
unanimously that Mr. Pieris be appointed Geneticist of the Coconut 
Research Scheme upon the terms advertised for the post, with effect from 
October 1, 1930, The Chairman was authorised to make temporary 
arrangements for housing Mr. Pieris in the neighbourhood of Bandirippuwa. 

(d) Technological Chemist .—^The Chairman read a letter received from 
Mr, Stockdale, together with a schedule of applicants for the post of Techno¬ 
logical Chemist. After a full discussion of the qualifications of the candi¬ 
dates, Gate Mudaliyar Rajapakse proposed, Mr, Sheridan-Patterson 
seconded, and it was unanimously agreed that the recommendation of 
the Selection Committee be accepted. 

5. Fiitnre Meetings .—The Chairman announced that the Grand 
Oriental Hotel Management had kindly placed their ballroom at the disposal 
of the Board for its Committee meetings. The Board recorded a vote of 
thanks to the Colombo Hotels Company, Limited, for their kindness in 
granting this accommodation. It was resolved that meetings be held in 
future at 11.30 a.m. 

By order, 

J. 1. GNANAMUTTU, 
Secretary, 

Coconut Research Scheme. 
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DEPARTMENTAL NOTES 

PROGRESS REPORT OF THE EXPERIMENT 
STATION, PERADENIYA 

FOR THE MONTHS OF JULY AND AUGUST 1930 


TEA 

I N the third week in June vacancies were supplied in plots 141 to 145, 
and 166. Small nursery plants w^ere used, moved with a transplant¬ 
ing tool. A spell of dry weather followed, but in spite of these 
unfavourable conditions the majority of the plants survived. In plots 
141, 143, and 145 the young plants were shaded with wild cinnamon 
branches, in plots 142 and 144 they were not shaded, while in plot 166 the 
plants we:e heavily mulched round with Gliricidia leaves but not shaded. In 
addition, some plots have a ground cover of indigofera etidccapliylla and 
some have shade trees. The percentages of failures of supplies in these 
dilTerent plots are of some interest. 

Plots with Indigojera endecaphylla but no shade trees. Supplies shaded. 


Number of Plot 

Percentage of failures 

141 A 

" 7*0 

141 B 

14*1 

143 A 

111 

143 B 

17*8 

145 

10*7 

Average 

13 5 

Plots with Indigojera endecaphylla but 
siiaded. 

no shade trees. Supplies 

Number of Plot 

Percentage of failuies 

142 A 

13 5 

142 B 

10*8 

Average 

12*0 

Clean weeded plots with dadap shade. 

Supplies not shaded. 

Number of plot 

Percentage of failures 

144 

24*0 


Plots with Gliricidia shade and Indigojera endecaphylla. Supplies 
mulched round with Gliricidia leaves but not shaded. 

Number of plot Percentage of failures 

166 6 1 
The impression that supplies come on better in plots planted with 
Indigojera than in clean-weeded plots has been previously recorded on more 
than one occasion and is confirmed by the above figures. The average 
percentage of failures in all plots planted with Indigojera is 10*5, while in 
plot 144, which is clean weeded, the percentage is 24T. 

An impression was gained on inspection of the supplies during the period 
following planting that shading was not exerting- any benefit, fhis is also 
borne out by the figures; the average percentage of failures in all the shaded 
plots is 13*5 and in the unshaded plots 13'8, while if only the plots with 
otherwise similar conditions, no shade trees and a cover of Indigojera^ 
are taken into account, the figures are 13*5 per cent failures in the shaded 
plots and 12*0 per cent in the unshaded plots. 
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On the other hand mulching the young plants with Gliricidia leaves 
appears to have exerted considerable benefit; out of a total of 1,280 supplies 
planted in plot 166 only 79, or 61 per cent, failed. 

It is not of course contended that shading young tea will never be of 
benefit in.any climatic condit’ons. 

RUBBER 

The yields obtained fiom plots 14-15 (seedling progeny of No. 2 tree, 
Heneratgoda) have been the subject of previous comment. Another year’s 
yields are now available and the yields from the start of tapping are given 
below. The rubber was planted in 1912. 


Year 

Yield of plots 

('alculaled yield per 



1*78 acres 


acre 



lb. 

Ib. 



1921-22 

792 

445 



1922-23 

956 

541 



1923-24 

829 

466 



1924-25 

1165 

653 



1925-26 

1179 

662 



1926-27 

997 

559 



1927-28 

1100 

618 

(10 trees out of 

lapping.) 

1928-29 

LT6 

773 

(10 

„ ) 

1929-30 

1576 

884 

(13 

.. ) 


Since individual yields of dry rubber have been recoraed from these 
trees the above weights are the aggiegates of numerous small individual 
biscuits. Such biscuits always contain more moisture than normal sheet 
rubber and the yields must be discounted to a small (*xtent on this account. 
Nevx^rtheless the figures indicate in a marked manner that a considerable 
increase in yield has been obtained by the use of illegitimate seed from a 
high-yielding tree. That the same result would be obtained from using 
illegitimate seed of any high-yielding tree cannot be definitely slated. I he 
trees in question have never been manured. 

A fresh round of brown bast treatment was started in August. 

CACAO 

An examination of pollen f;om the flowers of (1) a tree which flowers 
but sets no fruit and (2) a good bearing tree has been carried out by the 
Assistant Mycologist. A report will be issued later, 

GREEN MANURES AND COVER CROPS 

A portion of the Handaratennc coconuts was sown with a mixture of 
DaJiclios lab lab and Calapo front urn nmeunoides. The germination of the 
Doliclms lab lab was rapid and vigorous but snails from the adjoining cacao 
plot destroyed the whole cover. 

Further attempts at the multiplication of certain varieties of DhaJl 
(Cajunus cajan) have failed owing to the usual destruction of seed by insects. 
This is the invariable experience at Peradeniya. 

All the varieties of Lupins, of wdiich an unfavourable account was given 
in the last report, have now proved a complete failure. 

During the last few months a considerable number of dadap vacancies 
have been supplied both !n tea and cacao. The tops of all these cuttings 
dipped in Entwas and a most marked improvement has resulted from 

treatment. Hardly any cuttings have died back and nearly all have 
^ shot well from the top. 
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Of the indigenous ground covers more recently tried Aiylosia scarahae- 
aides is the most promising. Multiplication of this plant is in progress. 

FRUIT 

Loquats received from ('alifornia in May 1927 have made excellent 
growth and flowered at 3 years old. 

OIL-PRODUCING TREES 

The re-organisation in the Terrac'ed Valley mentioned in the last report 
has been completed. Hloc^k A remains under Hydnocarpus whighliana (70 
trees), block B is planted with Aleuriles nioataua, (36 trees), and block C 
with Taraktogenos kurzn (177 trees). 

The Hydnocarpus plants were pruned down in July and manured with 
3 to 4 oz. of C'alcium cyanamide per tree. Later 2 baskets of cattle manure 
per tree were applied. The condition of these plants however appears hope¬ 
less; they are subject to constantly recurring caterpillar attack and will 
probably have to be replaced with Taraktogenos Uurzii in the north-east 
monsoon. 

The Aleurites rnontana plants were similarly manured. Not a single 
('asualty has occurred and the appearance of the plants is most promising. • 
There is room to extend this block in the event of this cultivation proving 
successful. 

All the Taraktogenos plants, which were also manured in the same 
manner, are doing very well, and there is no sign of caterpillar attack. 

PINEAPPLES 

Plot 20A, ] acre has been under Kew Pineapples for 5 years. The table 
given below shows the returns and expenses of this plot from the start of the 
trial. 


Period 

1 

Number of 
fruits per aci 

Weight of 
fruits per aci 

Average wei| 
of fruits 

Expenditure 
per acre 

Revenue 
per acre 

Profit 
per acre 



lb. 

lb. oz. 

Rs. Cts. 

Rs. Cts. 

Rs. C^ts- 

April, 1924 to June 80, 1926 

8,448 

20,840 

6 8 

702 34 

1,415 88 

713 54 

July 1, 1926 to June 80, 1927 

2,052 

8,532 

4 2 

162 40 

813 52 

651 12 

July 1, 1927 to June 80, 1928 

1,820 

8,752 

4 12 

108 48 

765 20 

661 72 

July 1, 1928 to June 80, 1929 

8,528 

17,240 

5 0 

84 82 

1,079 48 

994 96 

July 1, 1929 to June 80, 1930 

380 

312 

3 1 

135 20 

662 60 

527 40 


Annual interim reports have been submitted and the very high profits obtained 
have been commented on. Attention however must be drawn again to two 
factors which are largely responsible for these profits : 

1. The entire crop has been sold without difficulty to the labour 
force of the station and to officers of the Department at prices 
fixed by the Manager according to the size of the fruit. There 
have been therefore no packing, transport, or marketing 
expenses. 





246 


2. A substantial revenue has been derived friom sale of suckers at 
10 cents each. Although this is a legitimate source of revenue 
from pineapple cultivation a small-holder would not normally 
have the facilities for such sale which are afforded to the station. 
The demand for Kew pine suckers is usually in excess of the 
supply. The revenue actually obtained from fruit and suckers 
respectively has been as follows: 


Year 

Sale of fruit 

Sale of suckers 


Rs. Cts. 

Rs. Cts. 

1925-26 

321 47 

32 50 

1926-27 

114 18 

89 20 

1927-28 

153 80 

37 SO 

1928-29 

269 87 

— 

1929-30 

21 85 

143 80 


The figure 143‘80 shown as sale of suckers in 1929-30 includes the value of 
1,176 suckers used for planting another area on the station. This sum is 
included since these suckers could otherwise have been sold to the public. 

The plot has received the following manuring : Previous to the original 
planting 10 cartloads of incinerator ash and refuse was ploughed in. A 
similar application of the same material was forked in December 1926. 
Analysis has since shown this material to be of insignificant manurial 
value. In November 1929, 10 cartloads of cattle manuie were forked in. 
No artificials were applied. After the first year a sharp decline in yield and 
average weight of fruit is noted. In the next year the figures are approxi¬ 
mately the same while in the fourth year a somewhat startling rise in crop 
appears. This is explained by a record in November 1926 that where one 
sucker only was left on the old stalk the plant was dug up and a new sucker 
planted. Pineapples at Peradeniya take about 18 months or more from 
planting to the ripening of the first fruits and these newly-planted suckers 
therefore mostly matured their fruits in 1928-29. This improvement how¬ 
ever was not maintained and the Mecline in 1929-30 must be attributed to 
soil exhaustion. Apart from the revenue from sale of suckers a loss of 
Rs. 12-95 was incurred in the last year. 

The average weights of fruit and sale prices have been as follows : 



Average weight of fruits 

Average sale price 


lb. oz. 

cents 

1925-26 

6- 3 

38-2 

1926-27 

4- 2 

29-4 

1927-28 

412 

335 

1928-29 

5 0 

36-2 

1929-30 

3 5 

230 


The conclusion to be drawn is that given favourable marketing facilities 
the cultivation of Kew pines for sale as fresh fruit on a small scale can be 
extremely profitable but that the cultivation should not be continued on the 
same land for more tlian 3 or 4 years. 

in plot A 4, planted in 1929, crows have for the first time done consider¬ 
able damage. 

FODDER PLANTS 

A small trial plot of Giant Australian clover is making good growth. 
This IS the first time that any clover has shown any sign of promise on the 
station. 
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FIBRES 

Two quarter acre trial plots of sunn hemp {Croialaria juncea) for the 
production of fibre have been laid down, one under coconuts and one in the 
open. The germination in the plot in the open has been excellent but under 
the coconuts it has been poor. 

SUGAR CANE 

Owing to an almost complete lack of demand for planting material the 
number of varieties maintained on the station is being reduced from seven 
to four. The old plots were left till the Kandy Perahera when a demand for 
canes was expected. Sales were, however, somewhat disappointing, only 
1950 canes being disposed of. 

The varieties to be maintained have been replanted in fresh plots. 

CINNAMON 

Plot E 131 of the economic collection was planted in 1921 with plants 
taken from, the local jungle. It later became apparent that several different 
varieties were present. The local cinnamon varieties have not been worked 
out botanically and as the Systematic Botanist was unable to identify the 
different varieties it was decided to pollard all the trees and send bark 
samples to the Imperial Institute for examination. Samples from 27 trees 
were sent in 1929 and the following is an extract from the report received : 

Results of Examination 

‘Tn order to judge the aroma and taste of the samples, an equal amount 
of each was ground up and compared with representative commercial 
samples of cinnamon bark prepared in a similar way. Some distinct differ¬ 
ences were observed, which may be expressed in the following classification 
of the samples. 

Nos. 1, 2, 3, 4,, 16, 17, and 24 possessed good aroma and taste, which 
in general resembled those of the commercial samples but were in no case 
so intense. 

Nos. 5, 6, 8, 9, 10, 18, 19, 20, 21, 22, 23, and 26 had fair to fairly good 
aroma and taste. 

Nos, 7 and 13 did not possess the characteristic aroma of good 
cinnamon but had a distinct and unusual pungency, and were rather weak 
in taste. 

Nos. 14, 15 and 25 were markedly comphoraceous. 

Nos. 11, 12 and 27 were very weak in both aroma and taste. 

The colour of the ground barks was generally similar, being a dull, 
rather pale greyish-brown; Nos. 8, 11, 12, 22 and 25 wene slightly darker 
than the rest of the samples. All of them lacked the brighter yellowish-brown 
colour of the commercial samples. 

Commercial Valuation 

The samples were submitted to spice merchants in London, who reported 
that the series did not exhibit any noticeable differences in appearance. In 
their opinion the barks arc of piK)r cjuality and would only realise the price 
of cinnamon chips for grinding purposes, i.e., about 9d. per lb. in London 
(May, 1930.) The best commercial cinnamon consists of well made quills of 
thin, tightly rolled bark, even in colour (which should he pale yellowish- 
brown) and free from blemishes. 



Remat4is 

The relative market values of Ceylon cinnamon quills are usually deter 
mined by their appearance (this apparently being regarded as a criterion of 
their spice value) , but taste and aroma are of first importance and quills 
definitely wanting in these respects would not obtain good prices however 
well they are prepared. It is clear however that no trustworthy conclusion 
as to the relative values of the present barks can be based on their general 
appearance, as there was no appreciable difference between the sampiles in 
this respect. On their appearance all the samples would be classed together 
as one grade of low quality. The only samples in the series actually com¬ 
parable (apart from appearance) with ordinary* commercial cinnmon bark are 
Nos, 1 to 4 and Nos. 16, 17 and 24, which possessed good aroma and taste. 

In this connection however it may be mentioned that all the samples were 
slightly attacked by mould. It was found that this condition affected the 
taste of some of the samples and seemed to reduce the strength of the natural 
aroma. It is thus" possible that the classification of the barks according to 
aroma and taste would have been somewhat dilTerenl if the samples had 
been free from mould.” 

It will be noticed that the samples a:e divided into 5 classes and the 
leaf characteristics of these five classess were then examined. It was found 
that the first class had mostly medium sized leaves, rather long and narrow. 
One tree, No. 17, had broader leaves. 

The leaves of the second class resembled in the main those of the first 
class. 

In the third class, tree No. 7 had leaves approximating in shape and 
size to those of the first and second classes, while the leaves of tree No. 18 
were distinctly larger and broader. 

The fourth class, of which the aroma is described as “markedly com- 
phoraceous,“ is the only class of which the leaves are really distinct. The 
leaves of these trees are all narrower and more pointed than the others. 

The leaves of the trees in the fifth class had nothing in particular to 
distinguish them from those of the trees in the first and second classes. 

Plot E 132 is planted with cinnamon obtained from the Balangoda 
district and said to be of the variety grown commercially. The leaves of 
these trees aie all larger and broader than those described above with the 
possible exception of tree 17 in the first class. 

It is not possible to draw any definite conclusions from these notes except 
that it would appear that the leaves of the varieties giving a better commercial 
quality are generally larger and broader, and that in this case the trees of 
which the bark had a comphoraceous aroma unlike true cinnamon all had 
narrow pointed leaves. 

The acting Systematic Botanist has undertaken to study this matter 
further. 


ROADS 

The metalling of a further length of road was completed in July. The 
station now contains 18,410 feci of cart road of which 6,950 feet are metalled 
(including the portion maintained by the P. W. D.), 2,545 feet are gravel, 
and 8,915 feet earth. There is still therefore a good deal of work to be 
accomplished if all roads are to be metalled, 

y SOIL EROSION EXPERIMENTS 

f Another year's figures are now available for both areas. Each area 
contains 6 plots of of an acre each, confined by brick walls. 
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In area A two plots are under Indigofem endecaphylln^ two have hedges 
of Cliioria cajanifolia while the remaining two aie controls. All plots are 
planted with tea and shaded with Gliricidia, 

During the first year of the experiment, 1926-27, no differential treat¬ 
ments of the plots were employed ; Indigofera and Clitoria were planted at 
the beginning of 1927-28. The true effects of the treatments can therefore 
only be gauged by comparision of the control plots with the treated plots 
befoie and after the treatments were applied. 

The following have been the actual losses of soil during the four years 
of the experiment. The figures in brackets represent the percentage of the 


control plots. 
Year 

Control plots 

Indigofera plots 

Clitoria plots 


lb. 

lb. 

lb. 

1926-27 

863- 8 

738* 1 

1055 7 


(100) 

(85-4) 

(122) 

1927-28 

1810- 9 

1538 4 

2069 6 


(100) 

(84-9) 

(114- 3) 

1928-29 

173306 

723 25 

1416-56 


(100) 

(41-7) 

(81- 7) 

1929-30 

1039- 7 

321 8 

577-94 


(100) 

(30-9) 

(55- 6) 


The <H)ver of Indigofera was slow in becoming established and is even 
now not thick in the lower part of the plot. The effect of both measures, 
however, has been marked and progressive. Compared with the first year 
th(‘ reduction in erosion effected by the different treatments has been as 
follows: 


plots: 854 -30*9-“54*5 per cent. 

Clitoria plots: 122*0~ 8T7 = 40*3 per cent. 

These are striking figures but it is to be noted that considerable losses 
of soil asc still taking place from the treated plots. 

In area B two plots are envelope-forked twice a year, two plois have 
silt-pits in the drains, while the remaining* two plots act as controls. Again 
no treatments were applied in 1926-27. The following losses of soil have 
been sustained : 


Year 

Control plots 

Envelope-forked plot s 

Silt-pits in ( 


lb. 

lb. 

lb. 

1926-27 

1708 3 

1295*4 

1241*4 


(100) 

(75*8*) 

(72*7) 

1927-28 

3031 0 

3787*5 

* 


(100) 

(125) 


1928-29 

1122 8 

1961*9 

304*4 


(100) 

(174*7) 

(27) 

1929-30 

739 3 

1280*4 

437-7 


(100) 

(173*2) 

(55-1) 


* Records spoilt. 

The results of this experiment have been criticised because it is 
frequently held that envelope-forking lessens erosion. A good deal un¬ 
doubtedly depends on the incidence and intensity of rainfall soon after the 
forking is done but there is no doubt that in this case envelope-forking has 
increased erosion. 

With regard to the silt-pit plots it is thought that as there is only room 
for one silt-pit in each drain the test is not a particularly good one "though 
there appears to be some evidence of benefit from even one pit. 
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THE IRIYAGAMA DIVISION 

The budding connected with the establishment of 30 Ceylon clones for 
field testing was completed by the end of August. This comprised budding 
in the field in areas 1 and 3, with the budding of additional stumps in the 
nursery for use in vacancies and to replace failures, and budding nursery 
stumps for area 2. At the time of writing the average percentage of 
successes is about 75 but as examination is not yet complete full figures will 
be given in the next report. A number of foreign clones have still to be 
budded. 

2500 grade 1 seed from the Experiment Station have been sown in the 
new nuisery for future use. 

Other works in progress have been stump extraction and the building of 
stone steps and paths. At the end of August all stumps had been ext|*acted 
from about 12 acres. 


The removal of b: anches from young budded plants in area 6 (foreign 
clones) has been periodically attended to. Up to July 11th it had been found 
necessary to remove branches from the following numbers of plants: 


Clone 

Total number of 

Number from which side 


plants growing 

branches were removed 

Tj 1 

57 

36 

Tj 8 

57 

26 

Tj 16 

56 

14 

S.R. 9 

59 

12 

AVROS 49 

59 

9 

B.D. 5 

58 

4 

A 2 

54 

4 

AVROS 60 

56 

S 


Tj 1 has given the most trouble in this respect and a similar complaint 
has been received from an estate. 


It has been also noted that the ^tems of S.R. 9 are inclined to be weak. 

T. H. HOLLAND, 
Manager, 

Experiment Station, 
Peradeniya. 
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ANIMAL DISEASE RETURN FOR THE MONTH 
ENDED 30th SEPTEMBER* 1930 




No. of 
Cases up 



lA 

Bal¬ 

ance 

in 

No. 

Shot 

Province, <H:c. 

Disease 

to Date 
since 
Jan. 1st 

Fresh 

Cases 

Reco¬ 

veries 

£ 

Q 



1<)30 







Rinderpest 

900 

189 

169 

595 

37 

99 


Foot-and-mouth disease 

262 


252 

10 



Western 

Anthrax 

Piroplasmosis 

Rabies (Do«rs) 


... 

... 


... 

... 


Rinderpest 

Foot-and-mouth disease 

447 


434 

12 

... 

1 

Colombo 

Municipality 

Anthrax 

Haemorrhagic 

Septicaemia 

24* 

6 

7 


24 

6 




Black Quarter 

2 



2 




Hovine tuberculosis 

1 



1 




Rabies (I)o£?s) 

i 1 

1 




11 

Cattle Quarantine 

Rinderpest 







Station 

Foot-and-mouth disease 
Anthrax 

6001 

97 

... 

600 




Rinderpest 

Foot-and-mouth disease 

050 


648 

*2 

... 

• •• 

f • # 

Central 

Anthrax 

It 


... 

1 




Piroplasmosis 

4 

... 

1 

3 




Rabies (Dogs) 

11 

1 


9 


2 


Rinderpest 

283 

65 

65 

216 

4 


Southern 

Foot-nnd-mouth disease 
Anthrax 

269 


:63 

6 


... 


Rabies (Dogs) 

1 


.. 

I 




Rinderpest 

' 4 


3 

1 


... 


Foot-and-mouth disease 

2975 


2905 

70 


... 

Northern 

Anthrax 

Black Quarter 

224 


... 

224 

• •• 

... 


Rabies ('^ogs) 

_3_ 

1 




3 

Eastern 

Rinderpest 

Foot-and-mouth disease 

100 


98 

i 

*2 

... 



Anthrax 


... 



... 



Rinderpest 

5073 

479 

T8T~ 

3904 

19 

866" 


Foot-and-mouth disease 

135 

5 

135 

... 



North-Western 

Anthrax 

Pleuro-Pnenin onia 




1 

... 

... 


(in Goats) 

50 

... 


50 

... 

... 

North.Central 

Rinderpest 

25411 

204 

18 i 

197 

.-k .. 1 

15 

24 

Foot-and-mouth disease 

1069 


1045 

24 

... 



Anthrax 




... i 




Rinderpest 


... 


... 



Uva 

Foot-and-mouth disease 
Anthrax 

72 

... 

72 





Rabies (Dogs) 

2§ 




... 

2 


Rinderpest 

63 

... 1 

imi 


... 

2 


Foot-and-mouth disease 

1455 

2 1 



2 

... 

Sabaragamtnva 

Anthrax 

Haemorrhagic 


... 1 

1 

n 

H 

... 



Senticaemia 

50 

2 





Rabies (Dogs) 

13$ 

... 

Hi 

H 

n 

9 


• 20 cates amongst sheep and goats from India at the Slaughter House, t J case—a 
buffalo.—Rest sheep and goats, t Sheep. (| Besides these cases 4 Wild Poar were also 
found affected with the disease, 2 of which were found dead and 2 were shot. § Which 
occurradfn August. I 1 case—a calf. 

<!• V. S. Office, 

Mh October* 1930. G. W. STURGESS, 

Government Veterinary Surgeon* 
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MBTEOROLOQIGAL REPORT 


SKPTEMBER, 1930 



Temperature j 

Humidity 

*0 

1 Rainfall 

Station 

Mean 

Maximum 

Dif¬ 

ference 

from 

Averafie 

B 

C 2 
rt c 

V.S 

:s.2 

Dif¬ 

ference 

from 

Average 

s 

Ji 

1 

Amount 


Difference 

from 

Average 


• 

0 

o 

0 






Inches 

Colombo 

848 

+ 01 

767 

+ 03 

78 



659 

21 


014 

Puttalam 

852 

-0 7 

77'1 

+0’5 

77 

86 

7 2 

280 

8 

+ 

1*60 

Mannar 

87-4 

~0‘6 

78‘4 

+0 2 

74 

84 

6‘4 

115 

2 


002 

Jaffna 

85-4 

+ 08 

78’5 

-03 

79 

84 

S‘0 

142 

3 


1+6 

rrincomalee - 

902 

-0 6 

769 

+ 06 

63 

82 

57 

1 42 

6 

- 

302 
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'Fhe rainfall of September was appreciably above averag‘<^ on the main 
windward face of the hill country—roughly the south-west quarter of the 
C.P.t including Ambegamuwa, Dickoya, etc. Fhis result was chielly due 
to heavy rain between the 16th 23rd. 

Small variations, both above and below average, occurred in ail the other 
provinces. The stations that passed their average were ix)nsiderably more- 
numerous than those in deficit in the N.W.P., the southern half of the 
N.C.P., and northern Sab'. Deficits were more common in the W.P., S.P., 
and southern half of the E.P., and preponderated very definitely in the/N.P., 
the northern parts of the N.C.P. and E.P., Vva, and the eastern side of 
the C.P. The biggest fall in 24 hours was 8*01 inches at Watawala on 
the I7th, and several other stations reported falls of 5 inches on about this 
date. Noteworthy heavy rain was also reported near Bogawantalaw^ on' the 
evening of September 1. 

The humidity and percentage of overcast sky were, on the whple, above 
average. The duration of sunshine, which clearly depends on the lack of 
cloudiness of a particular part of the 4iky, was, however, also up to its 
average. i 

' . A. J. 

Superintendent, Observatory < 
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EDITORIAL 


THE AGRICULTURAL CONFERENCE 


T he Fourth Agricultural Conference commenced at Pera- 
(leniya on the 2(>th of October. On the first day His 
Excellency the Governor (Sir Herbert James Stanley, 
G.C.M.G.) presided and was supported by the Hon’ble 
Mr. B. H. Bourdillon, C.M.G., Colonial Sercetary, as Vice- 
Chairman. At the morning .session on this day, after a few 
introductory remarks and a welcome to His Excellency by the 
Director of Agriculture on behalf of the Board and Department 
of Agriculture, His Excellency addressed the Conference and 
expressed his pleasure at the good attendance and at the presen¬ 
tation of the reports of the enquiry into the conditions of jiaddy 
cultivation in the Island, an enquiry which he himself had 
suggested two years previously. 

His Excellency thanked the members of the Local .Sub- 
Committees establi.shed by the Food Products Committee who 
had given much valuable service in reporting upon the conditions 
of paddy growing in their districts. He reviewed the work of the 
Estate Products and Food Products Committees and stressed 
the importance of retaining within the Island as much as possible 
of the huge sum annually sent out for the purchase of foreign 
rice. 

His Excellency expressed his great sympathy and concern 
for the depressed rubber and coconut industries. 
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In the afternoon of the first day the Board of Agriculture 
held its meeting at which the chief subject for discussion was the 
recommendation by the Food Products Committee asking that 
Government might be pleased to appoint a Commission to investi¬ 
gate the whole subject of paddy production in the Island. The 
Board decided to take this course. His Excellency again 
presided on the second day and was supported at the morning 
session by Mr. A. G. Baynham, Chairman of the Planters’ 
Association of Ceylon and in the afternoon by Mr. G. Robert de 
Zoysa, Vice-Chairman of the Low-Country Products’ Associa¬ 
tion. 

At the third day’s session the Chairman in the morning was 
Mr. H. W. Codrington, Government Agent, Central Province, 
with Sir H. Marcus Fernando as Vice-Chairman. In the after¬ 
noon Sir Solomon Dias Bandaranaike, K.C.M.G., was Chair¬ 
man, with the Hon’ble Mr. E. R. Tambimuttu, M.L.C., 
supporting him as Vice-Chairman. 
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PROGRAMME OF AGRICULTURAL 
CONFERENCE AT PERADENIYA 
1930 

MONDAY, OCTOBER 20, MORNING SESSION 

ADDRESS BY HIS EXCEUUENCY THE GOVERNOR 

1. A Short Not*' on a Sludv of the Economics of Rice Growinj^ in Ceylon, by the 
Hon'blo Mr. W. A. de Silva, M.L.C. 

2, Some Points regarding the Increase of the Production of Paddy in Ceylon, !>y 
Mr. C. V. Brayne, ILA., C.C.S. 

8. Paddy Cultivation, by Mr. K. Kanagasabai. 

4. Some Points of Intirest that have emerged from the Invtsligations of the Sub¬ 
committees connected with Paddy Cultivation, by the Mcui’bh' Sir H. Marcus 
Fernando, Kt., M.I)., B.Sc. 

MONDAY, OCTOBER 20, AFTERNOON 

MEETING OF THE BOARD OF AGRICULTURE 

(a) Minutes of last Meeting. 

(b) Confirmation of Nominations to Committees. 

(c) Resolutions on Paddy Cultivation. 

TUESDAY, OCTOBER 21, MORNING SESSION 

Pap6r 1.—Curing of She*! Rubber, by Mr. T. E. H. O’Brien, M.Sc., A.I.C'., Chemist, 
Rubber Research .Scheme (Ceylon). 

Paper 2,— 'C*)ntrol of Oidium, by Mr. R, R. S. Murray, .A.R.C.S., Mycologist, Rubber 
" R('search Scheme (Ceylon). 

Paper 3.— Robusta CotTees and their Commercial Possibilities, by Mr. T. H. Holland, 
M.C., V.D., Dip. Agric. (W\"e), Manager, Experiment .Station, Peradeniya. 

TUESDAY, OCTOBER 21, AFTERNOON SESSION 

Paper 4. —Some Problems of Coconut Research, by the Hort’ble Sir TI. Marcus 
Fernando, Kt., M.D., B.Sc. 

Paper 5.— Replanting and Rejuvamation of Old Rubber, by R. A. Taylor, B.Sc., 
Physiological Botanist, Rubb«a' Research Scheme (Ceylon). 

PRIZE-DISTRIBUTION AT FARM SCHOOL 

WEDNESDAY, OCTOBER 22, MORNING SESSION 

Paper 6^— Notes on J’addy Fly, hy Dr. J. C, Hutson, B.A., Ph. D., Entomologist. 
Paper 7.—Some Diseas(*s of Plantains in Ceylon, by Mr. Malcolm I’ark, A.R.C.S., 
Acting Mycologist, 

Paper 8.—^The Tenancy System in Batticaloa, by Mr. C. Ragunalhan, Dip. Agric. 

(Poona), Assistant Registrar of Co-operalivi? Societies. 

Paper 9,— Live-stock in Ceylon, by Mr. M. Crawford, M.R.C.V.S., Assistant 
Government Veterinary Surgeon. 

Paper lO. —Pasture Improvenumt, by Mr. K. J. Livera, B.Sc., Dip. Agric. (Wye). 
Divisional Agricultural Officer, North-WestiTn Division. 

WEDNESDAY. OCTOBER 22, AFTERNOON SESSION 

Paper 11.— c^otton Cultivation in the H.ambnntota District, by Mr. W. R. C. Paul, 
M.A., M.Sc., D.LC., F.L.S., Dip. Agric. (Cantab). Divisional Agricultural 
Officer, Southern Division. 

Paper 12 .—Agricultural Instruction in Rural Schools, by Mr. J. C. Drieberg, Dip. 
Agric. (Poona). 

Paper is.—Tobacco, by Mr. H. L. de Mel, C.B.E. 
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THE FOURTH AGRICULTURAL 
CONFERENCE AT PERADENIYA 


OCTOBER 20-22, 1930 


OCTOBER 20. 1930—MORNING SESSION 


WELCOME TO HIS EXCELLENCY BY THE DIRECTOR 
OF AGRICULTURE 


D r. W. Younginan, the Director of Agriculture, said 
that he rose to offer a welcome to His Excellency 
the Governor on behalf of the Board of Agriculture 
and the Department of Agriculture for consenting 
to preside over the Fourth Agricultural Conference. He also 
thanked the Colonial Secretary and other gentlemen who con¬ 
sented to act as Vice-Chairmen of the Conference. He offered 
a welcome to the members of the Board itself and also to officers 
of the Department of Agriculture. He also offered a welcome 
to visitors from various parts of the Island as well as to 
those from overseas. There w'cre present a representative of 
the Department of Agriculture, Gambia, a gentleman from 
Lord Melchett’s Experiment Station in England and also a 
gentleman once prominent in agricultural operations in Burma. 
One thing which inspired him with no little confidence, he said, 
was the large numbers of visitors who came to Peradeniya. 
When he asked himself the question whether the Department 
was working on the right lines and whether the Department 
was doing the right work, or doing any valuable work at all, an 
an.swer to these questions was, he thought, to be found in the 
numbers of distinguished visitors who came from overseas to see 
the work of the Department. Some gave him criticism which 
he welcomed. Some commented upon the valuable work being 
done and he thought that the fact that the.se visitors did come at 
all showed that something of value and interest was being done. 

Some of this work was long range research work as well as 
work immediately necessary for the present times. In the diffi¬ 
culties that the Island was at present experiencing the Depart¬ 
ment was practising every form of economy that was wise and 
necessary, and that made matters a little difficult for the Depart¬ 
ment. He hoped that the policy of the public would be to offer 
-constructive, not destructive, criticism and help them in their 
work. 
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The business they were going to transact that day and the 
two following days had already been presented to the members 
of the Board and a full programme for three days had been 
prepared. 

OPENING ADDRESS BY HIS EXCELLENCY 
THE GOVERNOR 

His Excellency thanked Dr. Youngman for the welcome 
and expressed pleasure at being in the chair. He explained 
why the Conference had not been held for two years, namely the 
interregnum between the departure of Mr. .Stockdale and the 
arrival of Dr. Youngman. .Since the last Conference the Board 
of Agriculture, which worked through the Food and Estate 
I’roducts Committees, had not been idle. Today they were 
mainly concerned with the work of the former. There was a 
discussion at the last Conference about the difficulties impeding 
the growing of paddy to the extent grown in old days and at his 
suggestion the Cf)nference decided to inquire into the position of 
the industry. His idea was that the Conference .should appoint 
a Committee but it ilecided that the best course was to ask the 
Food Products Committee tf> undertake the work. That had 
been done and the results of the inquiry were before them in two 
documents published by the Department. His Excellency 
thanked the members of the Committees which had been estab¬ 
lished in various parts of the country, particularly the unofficial 
members, for undertaking a work which he was confident was 
W'ell done and would have fruitful results. 

A Sub-Committee of the P'ood Products Committee in its 
report on the subject had made definite recommendations to the 
Board of Agriculture which would reach a decision on them in the 
afternoon. The recommendations boiled down to thi.s—that in 
the light of the information collected the time had come to 
appoint a Commission to formulate definite and f)ractical pro¬ 
posals under various heads. He did not know' whether the 
Board would accept the recommendations. He dared say that 
some of them including himself had hoped that the immediate 
results of the inquiry would have been more definite action than 
a reference to a Commission, which inevitably involved a certain 
amount of delay. It was clear, however, in perusing the reports 
of the Committees that the information which had been collected 
and the recommendations made required a certain amount of 
co-ordination and sifting, w'hich could only be undertaken profit¬ 
ably by a further body. It was his hope that if a Commission 
were appointed, it would be able to deal with the matter expedi- 
tously and put forward proposals, which were not only ideally 
desirable but practically possible. His Excellency went on to 
comment on the recommendations seriatim. Though he was 



hopeful as to the results of the appointment of a Commission, he 
did not anticipate that it would be possible to do anything very 
revolutionary at present, because the whole country in common 
with practically the whole world was suffering from an acute 
economic depression and the funds, which would be required to 
carry out the desirable proposals would not be available, and not 
likely to be, in the near future. 

“Of course” His Excellency continued “the economic 
depression brings home to us the importance of doing something, 
if something can be done to stimulate the production of paddy. 
It is a sad.thing that £8,000,000 a year should go out of the 
country for the purchase of foodstuffs, of which a certain portion, 
if not the whole, ought to be capable of production in the Island. 
If we can do something to see some portion at any rate of that 
amount of rice produced in the Island and some portion of money 
now spent in the importation of rice retained in the Island a very 
useful service to the country will have been rendered. There 
is no money available to carry out great public works in the 
Island. We should not lose heart and put off the whole question 
of paddy growing improvement to better days. Something can 
be done and whatever we can do will be work which is desirable 
and indeed necessary.” 

Regarding the organization and co-ordination of the services 
concerned with paddy cultivation, there would be no opposition 
as to the general principle, but there would be undoubted difficul¬ 
ties in carrying it out. Under the New Constitution opportunities 
under co-ordination in grouping the services would go some way 
in meeting the wishes expressed. The que.stion of tenancy. His 
Excellency said, was very difficult. We were up against old 
established customs often founded in historical and social condi¬ 
tions and they had to exercise caution in interfering with them 
without the fullest consideration. Sometimes one did more harm 
than good. 

Referring to anti-malaria and public health matters, His 
Excellency said, again it was necessary here to cut one’s coat 
according to one’s cloth. Malaria will not be stamped out by 
more extensive cultivation unless some additional steps were 
taken in order to accelerate the process of getting no disease. 

Regarding anchylostomiasis the natural leaders of the 
people could do a great deal if they preached sanitary improve¬ 
ment. 

With regard to means of communication again it was largely 
a matter of finance and at the moment he could not hold out 
hopes that Government would have funds to extend roads. 
Drainage and flood protection to some extent Was a matter in 
which the cultivator might do a little more, as clearing elaa. 
Flood protection schemes were expensive and if the money Wa?; 
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available he should be glad to see the process of flood protection 
accelerated and extended. 

His Excellency then dwelt on other activities of the Food 
Products Committee, as fruit growing, in which connection he 
congratulated Mr. H. L. de Mel on his work, and tobacco culti¬ 
vation, which was a helpful adjunct to other agricultural 
activities. He mentioned the possibilities of co-operation in 
relation to the marketing of produce as a possible question for 
the Commission. 

Dealing with the activities of the Estate Products Commit¬ 
tee he congratulated the three major industries on their posses¬ 
sion of research schemes and welcomed Dr. Diamond, Director 
of the Coconut Research Scheme. 

The tea industry was not contributing papers to the Con¬ 
ference this year as it was shortly having its own Conference. 

An important function of the Estate Products Committee 
was that which related to pests and diseases which was now a 
question largely of entomological research. It had been said 
that modern life was developing into a struggle‘between mankind 
and the insect kingdom. There was a great deal of truth in it 
and we were becoming here in Ceylon more and more aware of the 
danger of the termites which had driven him out of his house 
and home in Colombo. He hoped the Ordinance regulating 
Plant Pests and Diseases would soon be amended so as to include 
this pest. 

His Excellency concluded by expressing the great concern 
and sympathy he felt for the rubber and coconut industries at the 
present time. He sugge.sted that the Conference generally 
should express its sympathy by a motion upon the subject. 

His Excellency then called upon the Hon’ble Mr. W. A. de 
Silva to read his paper on “A Study of the Economics of Rice 
Growing in Ceylon.” 
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available he should be glad to see the process of flood protection 
accelerated and extended. 

His Excellency then dwelt on other activities of the Food 
Products Committee, as fruit growing, in which connection he 
congratulated Mr. H. L. de Mel on his work, and tobacco culti¬ 
vation, which was a helpful adjunct to other agricultural 
activities. He mentioned the possibilities of co-operation in 
relation to the marketing of produce as a possible question for 
the Commission. 

Dealing with the activities of the Estate Products Commit¬ 
tee he congratulated the three major industries on their posses¬ 
sion of research schemes and welcomed Dr. Diamond, Director 
of the Coconut Research Scheme. 

The tea industry was not contributing papers to the Con¬ 
ference this year as it was .shortly having its own Conference. 

An important function of the Estate Products Committee 
was that which related to pests and diseases which was now a 
question largely of entomological research. It had been said 
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and the insect kingdom. There was a great deal of truth in it 
and we were becoming here in Ceylon more and more aware of the 
danger of the termites which had driven him out of his house 
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Plant Pests and Diseases would soon be amended so as to include 
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His Excellency concluded by expressing the great concern 
and sympathy he felt for the rubber and coconut industries at the 
present time. He suggested that the Conference generally 
should express its sympathy by a motion upon the subject. 

His Excellency then called upon the Hon’ble Mr. W. A. de 
Silva to read his paper on “A Study of the Economics of Rice 
Growing in Ceylon.” 
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RICE GROWING IN CEYLON 


W. A. DE SILVA. M.L.C. 

I N considering the question of rice growing we should at the 
outset guard ourselves against impressions we derive 
from our contact with highly organised industries. In 
Ceylon, rice is grown primarily to .supply the immediate 
food needs of the cultivator. It is a primitive industry depend¬ 
ent largely on the labour of the cultivator. The industry is 
therefore one of low efficiency. Any attempt to raise the 
indu.stry to higher efficiency must fail if we neglect to realise the 
principle that progress in agriculture has to be a progress of 
growth. 

There is no justification for the belief exjiressed in many 
quarters that the inefficient state of the industry is due to the 
apathy and laziness of the cultivator. That belief is based on 
ignorance of existing conditions, and has been responsible for the 
failure of many attempts made for promoting rice growing in 
Ceylon. The “apathy and laziness’’ theory hitherto has re.sulted 
in introducing two undesirable elements in dealing with rice 
growing: attempts at artificial stimulation and at restriction 
of freedom of the cultivators. 

Rice cultivation cannot be taught. It has to be practi.sed, 
and this practice requires a fairly long apprenticeship. A 
process or method which .succeeds under particular conditions 
does not succeed under other conditions. As an illu.stration one 
may cite that deep ploughing which succeeds in good deep soils 
gives bad results in light, superficial soils; transplanting that 
succeeds in good loams and clays gives bad results in other soils; 
thin sowing that succeeds in rich soils becomes a failure in poor 
soils; fertilisers that give good results in one place give indifferent 
results in another; varieties of paddy that thrive well in certain 
localities give poor results in other localities. 

The cultivation of rice is nof a whole-time occupation. The 
season for cultivation is restricted; the amount of labour 
required, even during this limited season, varies very much from 
day to day. The cultivator must aLso be prepared for bad 
seasons and failure of crops. He has to utilize his spare time 
in growing other crops and in domestic, and industrial occupa¬ 
tion if he is to produce .sufficient food for the maintenance of his 
family and to furnish himself with the necessities of life. A 
^^^ultivator cannot live on rice alone even when he has a large 
supply of it. Other food is required to supplement it, Grains 
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and pulses, vegetables and fruits, have to be grown. Some of 
these products are less exacting than rice in the attention required 
for their success. If rice growing is to prosper the cultivator has 
to insure himself against the failure of his rice crop and also to 
find work during the period when his attention is not required 
for his rice crop. This indicates that he should have i)lenty of 
land for dry cultivation. The cultivation of other food products 
besides rice should receive every encouragement. 

T he principal crf)ps that are grown on dry lands are kurak- 
kan, meneri, mun, and tala, besides vegetables and fruit. 
Kurakkan yields an average of 15 bushels per acre. Meneri B 
bushels. Tala 6 bushels, and mun 4 bushels. I'he growth of 
these crops requires very much less labour than the cultivation 
of rice. These crops do not depend on irrigation; they do not 
require the u.se of cattle or buffaloes which is a very essential 
factor in rice growing. 

A successful rural settlement as it existed over two thousand 
years ago is described^ by Rhys Davids in his book “Buddhist 
India.’’ I quote it as it indicates the economic conditions under 
which a rural community could thrive: 

“I’he houses were all together in a group separated only by 
narrow lanes. Immediately adjoining was the sacred grove of 
trees of the primeval forest left standing when the forest clearing 
had been made. Beyond this was the wide expanse of cultivated 
field usually rice field and each village had grazing ground for the 
cattle and a considerable stretch of jungle where the villagers had 
common rights of waste and wood. The cattle belonged 
severally to the househoUlers of the village, but no one had 
.separate pasture. After the crop was cut the cattle roamed over 
the fields. When the cro[)s were growing they were sent all 
together under the charge of a henlsman, hired by the village 
collectively, to the village grazing grounds beyond the field.’’ 

The conditions described above have continued to exist in 
Ceylon as instanced by many villages to-day and others that 
existed up to very recent times as described by the late Mr. R. W. 
levers in his “Manual of the North-Central Province.’’ 

There are three main conditions under which rich land is 
held in Ceylon. 

The first is where the fields are situated in thickly populated 
areas and where the owners of such land cultivate the fields, but 
do not depend on them for their livelihood. The second is the 
tenant cultivator who cultivates a fiekl and pays a share to the 
landlord. The third is the cultivator in the tank areas who 
depends for his livelihood on the cultivation of paddy land by 
irrigation, supplemented by the cultivation of other products on 
dry land. 



For improving the conditions under which cultivation takes 
place the main consideration should be the provision of facilities 
for a freer and liberal access to both irrigable and unirrigable 
land. Restrictions and control in regard to cultivation with in¬ 
numerable rules and regulations instead of promoting cultivation, 
retard its progress. The greater the number of prohibitions and 
restrictions are in any public undertaking whether it is Agri¬ 
culture, Sanitation, Education, or Local (jovernment the greater 
the chances of failure. Regulations are a necessary evil and the 
success of any undertaking is in inverse proportion to the number 
of regulations and restrictions imposed on it. 

The present Vel Vidane system and the Huvandiram tax 
should be completely done away wdth. The cultivators should 
elect their own Vel Vidane as their representative or spokesman. 
They should remunerate him or accept his voluntary services as 
they wish. No outside influence should be brought to compel 
them to be under a Vel Vidane or to pay a share of their crop to 
such a Vel Vidane. , 

There should be a definite understanding regarding irriga¬ 
tion facilities. The cultivators should know well ahead of the 
season whether they have a prospect of getting irrigation water 
during a particular cultivation period. If as is often the case at 
present they are kept in suspense till within a few weeks of the 
time of sowing, no good work can be expected on the land. A 
man cannot spend his labour unless he knows that he has a fair 
chance of utilizing such labour fn a useful purpose. 

Rice cultivation cannot be carried on without a sufficient 
number of cattle or buffaloes for use in its operations. The 
extent of land cultivated and the thoroughness of cultivation 
depend entirely on the number of buffaloes available. I'wo 
measures are urgently needed in regard to cattle and buffaloes if 
we are to look for progress in rice cultivation; the provision of 
communal grazing land whenever possible, and, the re-enact¬ 
ment of the regulations prohibiting the sale of buffaloes for 
slaughter. If the present rate of slaughtering buffaloes continue, 
rice cultivation will be confronted with a crisis from which it may 
not be able to recover. 

The next important measure that requires attention is the 
improvement of facilities for transport and sale of produce. The 
establishment of depots for the purchase of paddy, gingelly, 
kurakkan, etc., at fixed prices similar to what has been done on 
a limited scale in regard to tobacco in Jaffna and cotton jn 
Hambantota, would go a great way to encourage the cultivator 
who in remote villages finds it impossible to sell his produce at a 
fair rate. 
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Special facilities should be afforded by the Railway to convey 
local produce, both by providing suitable wagons, and, by 
charging such rates as could stand competition. This aspect 
does not seem to receive the attention of our Railway. It does 
not provide sufficient facilities for the conveyance of perishable 
agricultural produce, nor does it seem to be prepared to attract 
new produce for transport by means of propaganda. 

One of the anomalies of the working of the Ceylon Railway 
is its encouragement of foreign agricultural produce to the detri¬ 
ment of local agriculture. Rice and other agricultural produce 
from India is carried by the Ceylon Government Railway at 4 
cents per ton per mile whereas they charge 10 cents or 150 per 
cent, more for Ceylon produce. The Railway also seems to 
discourage the cultivator and encourage the large dealer by offer¬ 
ing special rates for produce in large quantities, for long 
distances. 

These then are some of the economics in rice growing that 
require immediate and earnest attention. Research and 
improved methods no doubt can contribute their share, but before 
the industry can take advantage of im[)roved methods these preli¬ 
minary conditions of rice cultivation should receive attention. 

DISCUSSION 

His lilxcEi.LENCV thanked Mr, De Silva lor his interesting and instruc¬ 
tive paper and added that they u^ere very much indebted to him Ibr it. 
Mr, De Silva's enthusiasm for the care of the villager was well known as 
he had not confined himself merely to words. Anybody who had visited 
his properties at Anuradhapura would see that he carried out his experi¬ 
ments on fines designed to be of real assistance to small cultivators. His 
Excellency then invited comments. 

Mr. W. L. Kinderslev said that althougdi he was not a cultivator 
himself, he would make hold to put forward a definite proposal which would 
conform to the requirement laid down by His Excellency not to impose 
undue burdens on the taxpayer, and also conform to the requirement laid 
down by Dr. V’^oungman that criticisms should be constructive, and not 
destructive. The present policy of paddy cultivation was ridiculous. From 
inquiries he made, he was able to gather that the return on a bushel of 
sown paddy was ludicrously inadequate. In Italy and Spain, the return on 
a bushel of seed ranged from 60 to 80 fold. In Ceylon, he was informed 
that the return was 12 fold as a rule to 24 and 30 fold except in a few 
cases where the yield was 40 fold and this was where the fields had benefited 
from the washing of estates which brought down a considerable amount 
of well-manured silt. 

The question was how to increase the yield. The ordinary villager had 
not the means to buy large supplies of manure, but the co-operative move¬ 
ment enabled him to expend a certain amount of money on manuring his 
fields. But they had to bear in mind that maniire which was suitable for 
a field in (tampola was not suitable for a field in Kurunegala. I'herefore, 
whenever, a man asked for a loan from the co-operative society for the 
purpose of manuring his fields, the request should be communicated to the 
Agricultural Department so that advice might be given on the best form of 
manure and the methods of manuring to be adopted. 
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It; was most essential that the report of the Chemist should be prompt. 
In this way, he saw no reason why the output of paddy in many of the 
existing fields should not be doubled, trebled or even quadrupled. He 
hoped that the siig^gestion would be found to be practicable. 

Dr. R. V. Norris, Director of the Tea Research Institute, expressed 
himself as doubtful as to the utility of such a procedure, and considered 
that the results would bear no proportion to the labour involved. He 
thought that, in the present state of affairs, reliable information as to the 
best manurial practice for paddy could only be obtained by definite manurial 
trials in different types of soil. The response of a soil to manures was 
conditioned by many factors, at present imperfeclly known, and such factors 
were in general not capable of elucidation by mere analysis. 

Mr. H. L. De Met. said that as an unofficial member of the Rail wav “ 
Advisory Board, he and his colleagues had pressed on the Railway to afford 
sufficient facilities to enable the food produce to be transported. As the 
Railway had been commercialised, any question of bounties and preferences 
was being stoutly resisted but it would interest them to hear that the last 
recommendation of the Board in regard to that matter had been accepted 
by the (jovernment, and a rule would shortly be formulated that rice and 
paddy should be carried at 4 cents per ton mile for distanc’es of ISO miles and 
over. 

Mr. W. a. De Sikva : What about short distances ? 

Mr. De Mel said that the railway was of tlie opinion that it would be 
unprofitable to these commodities for short distances at the concession 
rates. 

'Fhe Hon. Mr. E. R. Tambimuttu said that the matter of the question 
of freight was of immediate importance. I'he reduced rate applied to only 
a minimum of eight tuns, and the small man was not benefited by it. 
He thought that the overhead charges on the railw^ay was exi'eedingly high, 
and they should see that the people w’cre not mulcted, 'rhere. w^as a time 
when rice w^as carried free on the railway. It wais not merely a qiK^stion of 
whether it w'ould pay the railway, but it was a question of whether it would 
encourage tlie cultivators if concessions w'ere given. 

Mr. R. C. Proctor said the statement that the villager was lazy and 
apathetic was far from true. The villager had been cultivating all these 
days for his own consumption, and if they wanted to make him an agent for 
extensive cultivation, they should give him all the facilities. 
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PADDY CULTIVATION IN CEYLON 

K. KANAGASABAI 

I N Ceylon fields, cultivation of cereals is neglected, and 
perennials, such as tea, rubber, and coconuts, are much 
encouraged, under the capitalist’s organizations. I he 
result has been that the country is forced to depend on 
India and Burma for her food supply. With the present 
depression in some of the major agricultural products, and with 
the increase of unemployment in the Island, the chances of the 
farmer reverting to his former position in the paddy fields, appear 
to be more hopeful, even though there is an impression in the 
minds of many that the e<lucated youth cannot l)e induced to gc^ 
back to the land. The most pertinent question today, that 
engages the minds of all those interested in the well-being of 
Ceylon and its people, therefore, is to find out w'hether paddy 
cultivation—the staple industry of the indigenous inhabitants— 
can ever be developed and .set on its feet so as to make Ceylon 
self-supf)orting in the matter of her food supply. 

The [uirpo.se of my paper is to invite your attention 
to this most important subject. In the cour.se of it I 
piTjpose to outline the present position of paddy cultivation: to 
examine the different systems and methfxls of cultivation: and 
to lay before you certain suggestions, which if ap|)roveil and 
adopted, might possibly obviate the. dilficulties which at present 
hinder the j)rogress of the paddy cultivator. 

According to the latest available figures, the area under 
paddy is about 880,000 acres and the approximate yearly yield 
13,280,000 bushels of paddy, working on an average of 16 
bushels per acre. Owing to the precarious nature of the industry 
and to the poor yields obtained in recent years the (o.st of pro¬ 
duction leaves hardly any margin of profit for return on the 
capital investetl in the land. In consequence, not only a large 
percentage of the holdings have changed from the original owmers 
and f)as.sed into the hands of capitali.sts or money lenders, but 
al.so w'e are obliged to import annually nearly'^ 15 million bushels 
of rice for our food. 

Two methods are adopted in raising the paddy crop— 
one for the upland and the other for the lowland. In the culti¬ 
vation of upland fields, w'hich are generally^ .sown for “Munmari” 
(pre-winter) or Maha harvest, the .soil is ploughed and the 
caked surface is broken and pulverised so as to admit the moi.s- 
ture into the soil. The air within the soil also does a great deal 
of work. It acts like a pump, the force of which is known as 
capillary attraction. When the land is well tilled, the earth 
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forms numberless irregular hollow tubes which not only draw 
upwards the water beneath the surface, but also help in the 
formation of crumbs which provide access of free air and water 
to the roots of plants. Except perhaps in the Jaffna Peninsula, 
where the system of dry-farming is much better understood and 
practised in the cultivation of cereals on rainfall-fields, the scienti¬ 
fic principles of cultivation are not adhered to by the cultivators 
of Ceylon owing to circumstances due partly to climatic condi¬ 
tions and partly to the absence of facilities for so doing. 

The cultivation of lowland in the “Pinmari” (post-winter) 
or Yala season crop is carried on, by a process of alkaline 
reaction. This is specially adapted to submerged soils, where 
hardly any nitrification sets in but ammonification goes on to a 
small extent, sufficiently to supply the nitrogen need for paddy, 
provided sufficient organic matter is present in the soil. The 
organic matter is obtained by allowing the fields to lie fallow 
between harvests and from sediments of floods and decay of 
weeds or vegetable matter. Unlike the method employed in the 
dry-farming system, it is inadvisable in this case to plough up 
land and leave it exposed to sun and air, but it is important on 
the other hand to keep the land under water, while the necessary 
preparations go on for the sowing and until the water is drained 
for the broadcasting of the sprouted seed. The crop has then 
to be irrigated frorn time to time on a scientific basis. Any 
relaxation of the principles involved in the method of irrigation 
causes poisonous gas to emanate from the soil on the re-submer¬ 
gence of the land, which provfis injurious to the growth of plants. 
In any case, however, operations are not carried out quite in 
accord with the dictates of science partly due to the inertia and 
Ignorance of the cultivator, and partly to causes over which he 
has no control. ’ 

Absence of the system of transplanting of paddy is a great 
drawback since by the adoption of the method not only the yield 
can be increased, but more remunerative employment can be 
found for agricultural labour. The general belief however is 
that the conditions obtaining in Ceylon are not quite favourable 
to the introduction of the system and I am inclined to some extent 
to that view. The irrigation sy.stems in Ceylon do not, on the 
one hand, command a perennial source of water supply and, on 
the other, the requirements of water for the transplanted paddy 
are decidedly much more than the need of crops raised on the 
broadcasting system, Another disadvantage is the absence of 
labour in the holdings under large tanks. I am yet of opinion 
that at least 20 per cent, of the area might with advantage be put 
under transplanting of seedlings, if the scientific authorities 
directly concerned would only co-operate and the working of the 
different organizations be properly co-ordinated. 
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The importance of investing the Director of Agriculture 
with authority to guide and control the activities of the Land 
Settlement and Irrigation Departments, for which I have often 
urged, need not be lost sight of. The fact that it is the officers 
of the Agricultural Department, who have necessary technical 
knowledge and experience to advise on and formulate schemes 
that are essential for the advancement of paddy cultivation must 
be remembered. The jiresent system of flooding fields is greatly 
to be deplored and much has to be done to eradicate the evil of 
courting plant disea.ses. Critics of Government agricultural 
policy have, however, had occasion to hurl attacks on the Agri¬ 
cultural Department and to find fault with the officers for not 
having paiil the same attention to [laddy as towards tea or rubber. 
Those statements were, 1 am afraid, made without an intimate 
knowledge that the p tddy firoblem is a complicated one, and 
requires long and patient study of local conditions. Proper 
facilities, had not so far been offereil to the Department either to 
go into the question of employing intensive methods, or to 
consider the transformation of the existing sy.sfems to new condi- 
tionSi which might make the industry a paying proposition. The 
only work possible was pure line selection of seed to improve the 
variety which the officers have been carrying out satisfactorily 
for the last two years or so, and they have obtained much valu- 
jible information, as the Director of Agriculture has stated 
recently before the Legislative Council. 

The transfer of the control and management of cultivation 
from the Irrigathm Department to the Government Agents, was 
made after much agitation in the past, but the change has 
produced no benefit, since the affairs are managed on the same 
old lines. With the passing of the Irrigation Ordinance No. 45 
of 1917 the idea was to provide an agricultural staff, under the 
Government Agent to be in charge of cultivation and water 
distribution; and that the Director of Irrigation was to confine 
himself to the engineering side of the work, in the collection, 
conservation and control of water .supply as a whole in each 
Irrigation Scheme. The cultivators would certainly have been 
benefited much, under such altered conditions. 

Experience has shown that the continual growing of crops 
on the same land without returning .something in return for what 
the plants take therefrom thoroughly exhausts the soil. But 
before we go into the question of plant food, we have first to 
consider the various classes of Ceylon soils suited, for paddy and 
their value for crops, judged by their mechanical texture or their 
chemical composition. The Department of Agriculture has 
therefore a good deal to do in respect of soil analysis and to 
decide which land requires what manure. It is a matter of 
common knowledge, I think, that much acidity is present in 
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Ceylon soils either due to weak base or to excess of organic 
matter; yet the cultivator is unable to treat the soil successfully 
as he does not know the proper material that should remove or 
reduce acidity. 

The benefit accruing from catch, or rotation crops on paddy 
lands may be summarised as follows: Firstly, one of the means 
of retaining if not increasing the fertility of the soil is by growing 
leguminous plants or cover crops. Secondly, this provides addi¬ 
tional source of income. Thinlly, it helps food production and 
thus increases the supply of food. Fourthly, the land is fit for the 
preparation of the soil for the succeeding paddy harvest without 
waiting for the rains. To effect any improvement on these lines, 
it is first necessary to keep all buffaloes and cattle off the paddy 
lands which now partly serve the animals as pasture, and to 
provide them with suitable common grazing grounds in close 
proximity to the fields. Under the operation of the Irrigation 
and Cattle Trespass Ordinances, the owners are expected to 
graze cattle in the daytime and kraal them at night. The success 
of this must naturally depend on the amount of finlder available 
outside the cultivated tracts. The acute distress caused by lack 
of food for the cattle in certain seasons of the year is indeed 
deplorable and is hardly reali,sed especially when all the upland 
fields are in crop and the lowland is submerged in water. It is 
no wonder then that damage to the paddy crop by cattle is con¬ 
siderable and is of frequent occurrence in localities where pasture 
is scarce. 

Latest returns shew that there are about 1,500,000 horned 
cattle in Ceylon. Assuming 25 per cent, of them are stall-fed, 
which I very much doubt, the rest will require no less than 
200,000 acres of grass land.. With the expansion of the powers 
of the Village Councils and the grant of large measures of Self- 
Government to them under the new Reforms in matters connected 
with paddy cultivation and irrigation, it should form an important 
duty of tho.se bodies to see to the proper conservation and main¬ 
tenance of pasture for village cattle. But it is incumbent on the 
pre.sent Land Commission to make adequate provision for the 
allotment of Crown lands for conversion into cattle pasture. The 
fact is that the yield from cattle is so little that stall-feeding is out 
of the question and the other desideratum therefore is to improve 
the breed. 

Alienation of Crown lands by outright sales at competition 
was not conducive to the growth of the paddy industry. The 
land policy of Government .shows three stages. In the first 
in^nce, extensive tracts of forest lands were sold to European 
c^italists for coffee planting, which was succeeded by tea, rubber 
and coconuts, and further impetus was given to such money 
crops. The second stage was the passing of the Waste Land 
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Ordinance, requiring lands, which were claimed by certain classes 
of people, particularly in the Kantlyan Provinces to have their 
title proved. In either of the above stages no practical scheme 
was put forward to encourage and to expand the cultivation of 
paddy with the single exception of having sold Crown lands 
for cultivating paddy on a four years’ instalment system under 
the wise policy initiated by the able and liberal-minded Governor 
Sir Henry Ward. His revered memory is cA'er cherished in the 
hearts of the thou.sands of cultivators in the Batticaloa District 
for the benevolent work he did. I am no doubt keenly alive to 
the need of British capital and British enterpri.se for the develop¬ 
ment of the agricultural resources of the Colony and to the large 
proportion of trade that has developed and the standard of pros¬ 
perity attained by the opening up of tea and other estates. Still, 
for all this, it is felt that the failure to inaugurate a liberal policy 
of land tenure, and to aid with the necessary means for taking up 
cultivation, has been one of the cau.ses that had prevented the 
extension of paddy cultivation. The third stage of the land 
policy has been worked by the present Land Commission. 
Though it is premature to gauge the amount 'of success to be 
obtained one thing we may be sure that so long as the Hon’ble 
Mr. Brayne is in touch with land deveIof)ment he will certainly 
advance the cause, since he always feels anxious for the good of 
the peasants. 

It is gratifying to gather from the pronouncements made 
by the new Directf)r of Agriculture that he recognises the 
importance of pushing forward both extensive and intensive 
methods of cultivation in the expansion and improvement of the 
paddy crop. He will no doubt encounter many difficulties, such 
as scarcity of labour, lack of ca|)ital, low prices of the produce, 
bad sea.sons, the prevalence of malaria, and in the exploration of 
lands which are not already opened up under large tanks. Of 
these the most crucial is the labour difficultv. However much 
one may dislike the employment of Indians for services in Ceylon, 
yet I am .sure that the desolate regions in large tank districts, 
cannot be successfully brought under cultivation without .settle¬ 
ment of coloni.sts from India and without the aid of Indian labour. 
The re.stricted franchise Ceylon is dispo.sed to grant to Indians 
and the circumstances under which the political mind of India is 
now smarting do not indicate great chances of the influx of 
Indians into Ceylon. In view of this may I put forward a practi¬ 
cal proposal. The sheet anchor on which paddy cultivation can 
be improved is on the creation of peasant proprietorship. Not 
in the sense that it has so far been worked in Ceylon, but in the 
sense that the peasants will be wedded to the .soil as their home. 
In order to materialise such a scheme not only should Crown lands 
be settled on them in suitable lots hut agricultural implements, 
cattle, seed, etc., should also be provided. Cottages for 
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residences should be erected and all medical aid to remove insani¬ 
tary conditions be rendered. A long term agricultural loan, 
extending to a period of about 20 years, should then be granted to 
those who are to become proprietors and thus enable them to open 
up new lands. The investment of large sums of money on such 
a scheme will in future years yield a good return in the shape of 
interest. Not only this, the country will be in a position to 
supply all domestic needs without being at the mercy of other 
countries. 

It may be contended that individual ownership of lands 
vested in peasant proprietors may become unworkable in course 
of time, when the allotments are divided among members* of the 
succeeding generations. If that I jsropose as an alternative 
scheme to create a co-operative agriculturisil colony. Under this 
system, allotment of 500 or 1,000 acres may be made in common 
to the whole body of the colonists, under large tanks. The 
ownership shall remain under one unit and the working of the 
farms be conducted on the same lines, as at present exist, in the 
management and control of cultivation and irrigation of large and 
extensive range of paddy fields. The members of the colony can 
only participate in the profits of the farm but are not entitled to 
any division of lands under the scheme. The advantages of such 
a scheme are manifold. Subdivision of lands will never operate. 
Improved implements and modern appliances can be easily 
introduced. Labour-saving machinery can be readily in.stalled. 
The Department of Agriculture secures a free hand to carry out 
experiments on a large scale and thus be able to obtain much 
useful data. 

Now in regard to lack of capital. .Sufficient inducement 
cannot be held out to paddy, cultivators without cheap capital and 
easy credit. Co-operative Credit Societies are about the best 
organization that should to a large extent assist the cause of small 
cultivators. But owing to the present financial depression in the 
country the development of Central Banks which are necessary 
for the proper financing of societies may not be practical in the 
near future. A way to tide over the difficulty in this respect, 
therefore appears to lie in the early establishment of a State Mort¬ 
gage Bank, which while rendering immense help to large culti¬ 
vators, may at the same time further the cause of co-operative 
institutions even indirectly. 

For the low price of produce there are obvious reasons. In 
the first place the cost of production is so high that we cannot 
stand the competition with the Indian imports. Secondly, the 
local varieties of rice do not cater to the demand of not only the 
Ijpdian population but also of a section of the Ceylonese. 

His Excellencv congratulated Mr. Kanagasabal on his interesting paper 
and asked that any comments on that paper be reserved for S generai d’w**- 
sion at the end of the momii;^ session. 
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PADDY CULTIVATION IN CEYLON 

AN ECONOMIC STUDY 

SIR H. MARCUS FERNANDO, KT.. M.D., B.SC. 

I T was my privilege to serve on two prolonged enquiries 
connected with paddy cultivation in 1917 and 1918. 1 he 

first one was taken on the initiative of the Agricultural 
Association. The .second committee happened to be the 
Select Committee of the Legislative Council connected with the 
Irrigation Ordinance of 1918. During these enquiries a great 
deal of the ground covered by the recent .Sub-Committees in 
various parts of the Island were gone into, anil I might state at 
the very outset that the recent encjuiry carried out in detail in 
every [)addy growing district in the Island has only served to 
accentuate the findings that may have been gathered from the 
reports of the Committees appointed in 1917 and 1918. Early 
in 1919 as the result of information I had gathered 1 read a paper 
before the Agricultural Board at Kaiuly. That paper was 
reprinted in The Trojncal A^ricuUurist of Fed)ruary 1919. 
Therein apart from local information I was able to obtain 
statistics of rice cultivation and its results in the various rice¬ 
growing countries in the world as publi.shed in a Bulletin of the 
Imperial Institute (April 1917). When the results of rice culti¬ 
vation in Ceylon are [ilaced side by side w'ith those obtained in 
other countries remarkable evidence is afforded to show that the 
yield in Ceylon is the lowest in the world as the following schedule 
will illustrate: 

Spain 101 Bushels of paddy per acre. 

Japan 77 Bushels of paddy per acre. 

Bushels of paddy per acre. 

Italy 63 Bushels of paddy per acre. 

British Ciuiana 54 Bushels of paddy per acre. 

Java 40 Bushels of [jaddy per acre. 

India (as a whole) 30 to 40 Bushels of paddy per acre. 

Ceylon 15 to 20 Bushels of paddy per acre. 

This unenviable position which Ceylon holds in the rice¬ 
growing world is the main factor connected with the rice problem 
in this Island. I further pointed out in that paper that at that 
period the area under rice cultivation wms given in Blue Books as 
900,000 acres, and that the yield from this area w'as about suffi¬ 
cient supplemented by other food grains to furnish the rice supply 
of about half the population. It would thus follow that if the 
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yield per acre in Ceylon were doubled Ceylon grown rice would 
be sufficient for the food supply of its inhabitants. With a yield 
of 20 bushels paddy per acre as an average theoretically doubling 
that yield to 40 bushels—a result that would just bring it up to 
the conditions of India did not look very formidable. It seemed 
therefore that if the amelioration of the yield be energetically 
pursued by a co-ordinated effort between the Agricultural Depart¬ 
ment and the paddy growers a solution of the problem would be 
easily obtained. At any rate I pointed out that it was easier and 
less expensive to improve the lands already under cultivation, 
than to create new centres of paddy enterprise in the dry zone 
under major and minor irrigation works. One important reason 
is the fact that whenever new areas are opened up under irrigable 
cultivation new foci of malaria are created. The ill-health 
brought about in these isolated areas of cultivation become so 
formidable as to prevent such enterprises from being carried out 
to a successful issue. 

Soon after this the Agricultural Department took up the 
question of rice cultivation in earnest, and in carrying out this 
policy created a new post in the Department of a geneticist for 
breeding better varieties of paddy. The first appointment fell to 
Colonel Summers, a very distinguished scientist from Cambridge. 
He after due enquiry early in his work made a report to Govern¬ 
ment quoting the same statistics which I had used and coming to 
the same conclusion—that if rice was going to be cultivated as a 
profitable crop readier and sooner results could be obtained by 
concentrating on improving the areas that are already under 
cultivation rather than by attempting to open up new areas in the 
drv zones. 

I do not propose to give a sketch of the activities of the 
Department from that time to this but I should like to comment 
on some of the salient points in this report of the Sub-Committees 
that have recently been published. All the reports confirm what 
is'generally known to be the fact that rice cultivation is not a 
paying proposition. The chief reason is, as I pointed out, the 
low yield per acre. Now let me restate the facts in a concrete 
way. With an average yield of 20 bushels of paddy the gross 
yield per acre amounts in money value to Rs. 40-00 when paddy 
commands Rs. 2-00 per bushel. Excluding the dry zone and the 
tank areas, there is abundant evidence in the reports to show that 
'iki tnore populated and developed districts such as Colombo, 

individual paddy field owing to a minute 
sub-division of land does'not represent more than an acre or an 
acre and a half. That is to say the gross yield of paddy cultiva¬ 
tion m this area cannot give more than Rs. 60-00 per annum, a 
sum which is utterly inadequate for the maintenance of a family: 
so that in these districts the cultivation of paddy land is merely a 
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side-show to a man's livelihood. He has to earn his livelihood 
by some other agricultural industry or work and the paddy field 
is tilled during his off hours from his main occupation. In these 
circumstances intensive cultivation of paddy fields seems to be 
very remote as the inducement for efficient and continuous work 
is not .sufficiently strong. That is a leading feature of rice culti¬ 
vation in these fully developed healthy districts. 

On the other hand when you come to districts like Batticaloa, 
Tamankaduwa, etc., under the major and minor tanks, a family 
can and often deals with areas of four acres or even a little more. 
If such an area is properly tilled and cultivated and can be de¬ 
pended upon year by year, a fair yield will produce sufficient rice 
for the maintenance of the family growing it, as well as give a 
sufficient margin for sale outside. With say twenty bushels of 
paddy per acre, a four-acre block will yield 80 bushels. With a 
second crop say giving 40 bushels we have a gross yield of 120 
bushels of paddy equal to 60 bushels of rice. The family unit 
being four or even five will consume thirty bu.shels during the year. 
The balance will be the grower’s money crop which he can sell out¬ 
side. But does this always come about? Not necessarily. 1 have 
abundant evidence from rice growers on a large .scale in Batti¬ 
caloa, and from some other districts that once a man by sheer 
personal effort establishes a paddy field of 4 or 5 acres by his own 
exertion and that of his family he becomes a landlord and 
capitalist. He will then no longer do the manual work, but will 
get a tenant to do it for him. In other words this unit of 4 or 5 
acres will have to support two families, that is, the family of the 
landlord and the family of the tenants as well, leaving nothing for 
sale. 

There is one exception to this rule and that is in the North- 
Central Province and in districts where chena cultivation is 
extensively pursued by villagers. Here there is a surplus for 
export or sale and this supply emerges owing to the fact that the 
majority of the growers or goiyas consume the chena crops for 
their food, and utilise the paddy as their money crop. It is from 
the meagre surplus that emerges from these conditions that the 
export and sale of paddy and rice from the rice-growing districts 
is brought about. 

Details in connection with paddy cultivation I do not propose 
to enter into as they have been dealt with very minutely in the 
Sub-Committees’ reports, but certain important conclusions can 
be derived therefrom. First of all in the dry zone it is evident 
that it would be better to concentrate on the Yala crop and make 
that a success rather than attempt two crops every year, because 
the evidence shows that the Yala crop gives a better yield. 
Secondly, it is free from the paddy fly pest and thirdly, which is 
the most important consideration, the crop can be planted and 
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harvested during- the period when the district is healthy and free 
from fever. During the Maha season some other crops might 
be cultivated with the natural rains as they do in Java. 

Another point is that in Ceylon there is very little trans¬ 
planting. Under the major and minor tanks there is none. It 
is all broadcast sowing; but in this there is a remarkable difference 
from district to district as to the amount of seed paddy used per 
acre. It varies from two bushels per acre in the Western 
Province' and the Kurunegaia district to three bushels in 
Batticaloa, and even to three and a half bushels in the Uva 
Province. Why should this be so ? There seems to be a remark¬ 
able waste of seed paddy in most of the districts and an attempt 
should be made by demonstrations carried on in various districts 
to reduce this waste. From my [>ersonal exf)erience I find that 
one bushel broadcast is quite enough per acre. I have carried on 
this experiment for several years side by side with the goiya’s 
two bushels and without any dimunition in my results when 
compared with the goiya’s results. We are constantly reminded 
that the water rate under the tanks should be abolished bec:'.use 
the cultivation does not pay. Fven if one bushel of seed paddy 
be saved from each acre that saving will cover the water rate 
levied in most cases. 

Another very imp(.)rtant factor, a matter which is touched 
upon in the various reports, is the complaint that a great handicap 
towards sutxessfu! operations in paddy cultivation is deficiency 
of cattle suitable for agricul|ural purposes and the blame is attri¬ 
buted to the want of natural pa.sturage. Now, this problem has 
to be approached from a different angle <)f vision. Phose who 
complain that there are not enough cattle to go round in a parti¬ 
cular district do not seem to have taken into account the actual 
number of cattle that are present in the district, nor do they make 
a proper estimate cif the actual cattle needs of the district. The 
best cattle distric,t in the Island is the Kurunegaia district. 
Cattle are more plentiful here than in any other part of the Island. 
The cattle population consists of 167,0()0 buffaloes and 224,000 
neat cattle. The acreage under paddy amounts to KM,000 acres, 
so that you have for this area something like three head of cattle 
for each acre. 1 his is a very generous proportion and the 
question arises that even with three animals in the district for 
each cultivable acre how can the complaint arise that there are 
not enough cattle for paddy cultivation. The explanation is the 
same as the one emphasised by the Royal Commission on Agri¬ 
culture in India in their report. India is a country where cattle 
are better looked after, fed on fodder that has been carefully 
grown and cultivated for the dry season, and where cattle are 
used for ploughing and for well-irrigatioh. Even with animal 
husbandry so developed the Commissioners, in their repoft Wf : 
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“There would, in fact, appear to be an excess in the numbers of 
the cattle necessary for cultivation if these cattle were efficient. 
The figures suggest the existence of a vicious circle. The 
number of cattle within a district depends upon and is regulated 
by the demand for bullocks. The worse the conditions for 
rearing efficient cattle, the greater the numbers kept tend to be. 
Cows become less fertile and their calves become undersized and 
do not satisfy cultivators who, in the attempt to secure useful 
bullocks, breed more and more cattle. As numbers increase, or 
as the increase of tillage encroaches on the better grazing land, 
the pressure on the available su[>ply of food leads to still further 
poorness in the cows. As cattle grow smaller in size and greater 
in number, the rate at which conditions become worse for the 
breeding of good livestock is accelerated. For it must not be 
supposed that the food recjuired by a hundred small cattle is the 
same as that needed by fifty of double the size. As cattle become 
smaller, the amount of food needed in proportion to their size 
increases. Thus large numbers of diminutive cattle are a serious 
drain on a country in which*the fodder supply is so scarce at 
certain seasons of the year as it is in India. The proce.ss having 
gone so far, India having acquired so large a cattle population 
and the size of the animals in many tracts having fallen so low, 
the task of reversing the process of deterioration and of improving 
the livestock of this country is now a gigantic one; but on 
improvement in its cattle depends to a degree that is little under¬ 
stood the prosperity of its agriculture and the task must be faced. 

“Unless substantial changes in the existing management of 
cattle are introduced, a progressive deterioration in the quality of 
the cattle is to be feared. Four cardinal points in a policy of 
improvement must be (a) a reduction in the number of plough 
cattle; (b) an increase in the efficiency of plough cattle; (c) 
attention to all matters that would tend to decrease the number 
of bullocks required for cultivation; and (d) an effort to secure 
better treatment for dry cows and cows in-calf." 

This .serious state of affairs is even more pj'onounced in 
Ceylon than in India. What we should aim at is a much smaller 
number of efficient useful cattle rather than many ill-cared, and 
underfed and dimunitive cattle which is the result of the vicious 
circle so vividly described in the previous paragraph. 

The present state of affairs cannot be remedied except by 
introducing a system of animal hu.sbandry based on scientific 
principles. At present, as far as the small cultivator and even 
coconut planters are concerned, there is no attempt to maintain 
the breeding of efficient cattle on a practical basis. But on the 
other handt the cry is for alienation of land for pasturage pur¬ 
poses by Government. The enormity of this problem, so far as 
I can remember, has never been put into a concrete form. I will 
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take this one district, Kurunegala. To maintain 391,000 head 
of animals which at present roam about the district the pasturage 
area that will be required even on the modest basis of two acres 
to each animal will amount to something like 800,000 acres. 
One has only to state the problem in that form to show how 
impracticable it is. Is it suggested that Government should 
alienate 800,000 acres in one district for this immense cattle 
population ? As a matter of fact the total acreage under cultiva¬ 
tion in the Kurunegala district amounts to about 400,000 acres in 
coconut, paddy and other crops; and yet if pasturage is to be 
found double this area will be required. The fact of the matter 
is that a fourth of the animals that now exist will quite suffice for 
the cultivation requirements of the district. It is only by the 
reduction of the animals that are now there and by careful prun¬ 
ing and weeding of the useless and the unfit and the careful 
selection of bulls and buffaloes for stud purposes that an efficient 
system of impleraental cultivation by animal power can be 
maintained. 

I have already referred to the important question of the 
minute subdivi.sion of paddy fields. The conditions of inheri¬ 
tance in this country are such that the minute subdivisions that 
now exist cannot be remedied by any simple means of legislation. 
Hut alienation in the future of Government lands should tacitly 
provide for the prevention of subdivisions below an unit neces¬ 
sary to maintain a family. In all future alienations it would be 
well for Government to impose conditions that would prevent 
such a subdivision. It was proposed some years ago to fix the 
smallest unit that is economically sound to four or five acres of 
paddy land, and perhaps double that acreage of high land. In 
future alienations such blocks, and .such blocks only, should be 
sold with the proviso that the blocks could not be transferred or 
sold in part or inherited in part. ' 

Lastly, I should like to touch upon another aspect of the 
problem—an aspect which concerns the future food supply of 
this country. I have on more than one occasion emphasised 
elsewhere the fact that the opening up of land in the dry zone 
through paddy cultivation is an impossible task, and one which 
instead of diminishing malaria will tend to increase it to an inordi¬ 
nate extent. Two years ago an important and weighty report 
by a Commission appointed by the League of Nations on the 
subject of malaria prevention was issued. This report is all the 
more interesting to us as the Commissioners were specifically 
enjoined to investigate measures appropriate in countries where 
the cost of public health is an important consideration The 
Commissioners state that the history of special anti-malariar 
campaigns is chiefly the record of exaggerated expectatibns 
followed sooner or later by disappointmeht and the abandotiffi^t 
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of work. In Europe the correct anti-malarial practice is an 
endeavour to reduce the incidence and severity of the disease. 
Measures designed to accomplish more than this, that is eradi¬ 
cation, can only be justified under very exceptional circumstances. 
The Commissioners report that in the different countries they 
visited in the Middle East only two regions w'ere found in which 
drainage and similar methods of an expensive nature were found 
to be successful. The first is Dalmatia amongst the dry and 
waterless hills with a meagre rainfall. The second place where 
anti-larval measures gave perfect results was Palestine. In the 
larger towns the water supply was dependent on cisterns and the 
anopheles*mosquito was found to breed in these cisterns and that 
was the only cause of malaria in the town. 'Phe cisterns were 
closed and provided with hand pumps and malaria was reduced 
to almost nothing. I’he conditions in Palestine are specially 
suitable for anti-larval measures. The mf)untains are dry, the 
valleys are easily drained, and what is more there is no rice culti¬ 
vation. How' then are the dry zone areas which re[)resent more 
than one half of the Island to be developed, and opened up ? 
I'hey should be dealt with in the same way as our experience 
shows how malaria has been reduced and lessened in such dis¬ 
tricts as Negombo, Chilaw and the adjacent country. I'he wide 
extent of coconut cultivation leaving very little intervening un¬ 
opened tracts and the improvement in the standard of living 
which this cultivation has affected in the poj)ulation in the 
districts involved has been the potent cause of the health 
improvement. The opening of the Kelani Valley and Kalutara 
in tea and rubber thirty years ago was associated with a high 
malaria outburst. In one large e.state in the Kalutara di-strict 
the death rate among coolies amounted to 500 per thousand in 
one year but the continued cultivation of extensive clearings with¬ 
out any special measures have rendered the malaria incidence 
anything but .serious at the pre.sent time. This is the only way 
the problem of the dry zone development can be tackled; by 
bringing under cultivation the highlands first and to leave the 
irrigable lands to be dealt wu'th later. Highlands require for 
their successful cultivation efficient drainage and the drying up 
of swamps—not their creation as in rice fields. The develop¬ 
ment of these lands means the gradual disappearance of malaria 
and the reduction of its severity. But to effect such a “bonifica¬ 
tion" scheme there is one indispensable condition. It is 
neces.sary to discover a system of agriculture whereby these lands 
can be profitably cultivated. This is a necessary corollary which 
must find solution either through Government initiative or 
through private enterprise. Hitherto private enterpri.se in agri¬ 
culture has been practically confined to the wet zone, but signs 
are not wanting that .such a concentration of enterprise cannot 
proceed much longer, and private initiative must go farther afield. 
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Such permanent crops as sisal, kapok, sugarcane, oil palm and 
others suited to general farming, such as maize, millets, soya 
beans, cotton, tapioca, sesame and the various pulses, together 
with cattle breeding and animal husbandry open out a 
wide field for enterprise and initiative. Most of these products 
the Right Hon’ble Ormsby-Gore informs us are grown exten¬ 
sively in similar lands of Java. All of them are grown in India 
and in other tropical and sub-tropical countries of Europe, Africa 
and in North and South America. 

I admit that the problem is not a simple one and its solution 
may take a long time, but I feel confident that the attempt to 
populate these areas through rice cultivation is entirely wrong— 
it only adds fuel to the fire of malaria production. It is only 
through opening up the higher lands with ordinary farming or 
through permanent crops, that we can ever hope to obtain a 
settled population and a prosperous and healthy countryside. 

The way indeed is a long and weary one, but I am confident 
that the combined efforts of a far-sighted Government and the 
ingenuity and enterprise of our leaders in agriculture will end in 
solving the problem successfully. 

DISCUSSION 

His Excellency thanked Sir Marcus Fernando for his very interesting 
and comprehensive paper and said that there was much food for thought 
therein. He now invited general discussion upon what they had heard 
during the morning. 

Rev. J. R. Tambimuttu emphasized the necessity of inducing people 
who had not hitherto intercste<^ themselves in the actual cultivation of 
paddy to take up this industry. He mentioned, for instance, the Veddahs, 
who are mainly occupied in chena cultivation. He said that with the 
assistance of Mr. Brayne, he was able to establish a colony of Veddahs 
who were induced to take to- paddy cultivation. Why should not the 
planters take up paddy cultivation ? He had the opportunity of discussing 
the subject with a good many of them, and they told him about the failure 
of the Minneriya Scheme, and of the uneconomic aspect of the business. He 
suggested that lands should be granted to planters on easy terms as an 
inducement to them to take up this industry. He said that he was earnest 
in what he said and commended the suggestion for the consideration of the 
Government. 

Mr. R. C. Proctor disagreed with Sir Marcus Fernando’s sugges¬ 
tions with regard to pasture lands. 

Mr. J, C. Ratwatte Adigar agreed with Sir Marcus Fernando’s 
suggestion to increase the yields. They had the unenviable reputation of 
producing the lowest yield in the world. Obtaining of increased yields in 
areas that were already under cultivation should be their aim. Speaking 
on Vel Vidanes, to whom Mr. W. A, De Silva had alluded in his paper, 
the Adigar said that these headmen should go to the villagers as their 
friends, and co-operate with them in their work. At present there was 
no co-operation between the Vel Vidanes and th« citltivators. He also 
suggested the introduction of hulling machinery that could be used by the 
villager. At present, rubber landowners were prepared to give up their 
lands, and Government might perhaps acquire some of these, for pastures 
for the benefit of the people* 
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Dr. Youngman said that if they studied the yields of paddy in different 
countries in the world, one thing that would strike them as extraordinary 
was that highest yields were obtained in lands where highest 
wages were paid and where highest expense w^as made on cultivation. 
That was a point which made one seriously to think. In the 
order of p«addy cultivation, Spain came first, Japan and Egypt carnet 
second, and India and Ceylon came last. To say that hecaus(* the cost 
of production here was higher than elsewhere, they could not compete 
with other countries was not quite justified. A great deal had been said 
about agricultural instruction in Ceylon. 

What they should do was to make agricultural instruction in villages 
more extensive. He was a villager himself, and he was brought up in 
a small village. He agreed with those who said that they had a great 
d<*al to learn from the villagers. The influence of the Agricultural Instruc¬ 
tors should carry the scientific methods into the villages. The next thing 
he wished to refer to w^as irrigation and he thought that it was a matter 
to whijeh they should seriously pay their attention, and if they had been 
mistaken in the past in this matter, they should approach the subject with 
a new angle of vision. A peculiar difficulty in Ceylon was that a variety 
of paddy thal grew on one side of the hill did not grow on the other side. 
IVrhaps it would be advisable to tackle the larger districts first where a 
more uniform variety could be grown. A great deal had been done in 
the separation of varieties, and the more he examined the work in that 
direction, the more he saw they were proceeding on the right lines. 

He saw before them that day representatives of two of the largest 
firms of fertiliser manufacturers in the world. With regard to fertilisers 
he could say that generally in Ceylon nitrogen and phosphorus were the 
elements requird in fertiliser compounds for paddy. 

He w^as also of the opinion that condition of tenancy could be improved, 
and, in doing so, he was sure that they would be able to adjust matters 
without being unfair to the landlord. Landlords in Ceylon, he hoped, would 
be patriotic enough to see that it was to everyone's advantage to increase 
the yield of paddy and he believed they would help the cultivators to achieve 
such increase in the Island. 
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THE CURING OF SHEET RUBBER 

T. E. H. O’BRIEN, M.SC., A.I.C., 

CHEMIST, 

RUBBER RESEARCH SCHEME, (CEYLON) 

S MOKED sheet has been one of the two standard grades 
of rubber prepared on estates for a number of years. 
The practice of smoking sheet rubber probably origi¬ 
nated from a desire to imitate the smoking process used 
in the Amazon valley for the preparation of “fine hard para,” but 
has been continued mainly because it provides such a convenient 
method for drying the rubber. It has been recognised for some 
years both in Malaya and Ceylon that firewood reserves were 
being depleted, and in some of the older planting districts of 
Ceylon there has recently been a definite shortage leading to a 
material increase in the price of firewood. The position regard¬ 
ing the utilisation of wood in the rubber industry in Malaya was 
investigated by B. J. Eaton in 1924 at the request of the Malayan 
Government*^) and suggestions were made for alternative 
methods of curing rubber. In Ceylon the attention of the 
Rubber Research Scheme was also drawn to the subject by 
Mr. A. I. .Sydney Smith at about the same time. The experi¬ 
ments which are to be described in the present paper were under¬ 
taken with a view to devising a method for curing sheet rubber 
which would either eliminate the use of firewood altogether or 
reduce the amount required to the greatest extent possible. 

It is to be noted that the position regarding .supplies of fire¬ 
wood may be entirely altered in the next few years if replanting 
of old rubber areas is taken in hand to any great extent. In this 
case supplies of firewood would be assured for many years to 
come, as replanting programmes would doubtless be spread over 
a considerable period. 

REASONS FOR SMOKE-CURING 

In the first place it is desirable to consider the purpose which 
is served by smoking in the preparation of sheet rubber. Dr. De 
Vries, late Director of the Proefstation voor Rubber, Java, stated 
some years ago in a publication 

“According to the present state of oitr knowledge one can 

^^ee two outstanding advantages in smoking; 

L It acts as a disinfectant and therefore decreases the 
susceptibility to moulds; perhaps it may also help somewhat in 
preventing rustuiess. ■ 
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2. It makes the colour of the sheets more even and 
uniform, since the quickly arising differences in tint in unsmoked 
sheet are levelled up or made invisible by it, whilst the spots 
caused by oxidation (violet discoloration) of the coagulum are 
more or less made to disappear. In fact the smoke as a “cloak 
of charity’’ covers many irregularities in the “exterior.” To this 
Dr. De Vries would no doubt agree to add that it forms a conveni¬ 
ent means for supplying heat to dry the rubber. 

B. J. Eaton (3)gave the following definition: “The smoke¬ 
curing of sheet rubber is a method of rapid drying combined with 
absorption by the sheet of creosotic and other anti.septic 
substances from the smoke, which substances prevent or reduce 
the development of moulds (fungi) and other micro-organisms.” 

Sidney Morgan(^)stated “Broadly the process is akin to the 
smoke-curing of herrings and the objects are much the same, viz. 
(1) Drying, (2) Preservation—except that while herrings art- 
only dried partially, rubber should be dried perfectly.” 

UNSMOKED SHEET 

Considering the functions of .smoking \vhich have been 
established above, namely, (1) drying at raised temperature, (2) 
disinfection, (3) masking of irregularities in apf)earance, it seems 
reasonable to supf)ose that means could be devi.sed whereby the 
smoking process could be eliminated. As regards drying, there 
is no technical difficulty in heating a drying rocnu for the rubber 
either by means of air passed through a heating chamber by 
means of a fan, or alternatively by radiation from .steam pipes. 
The latter system is considered most suitable as only a slow 
current of air is required and the use of power for driving the fan 
is eliminated. The boiler or heater may be fired either with coal, 
coke or fuel oil; which is cheapest to use being mainly dependent 
on transport. In the case of fuel oil, power is required to drive 
a blower for the burner. This system of heating would have the 
advantage of cleanliness and the temperature of the drying room 
could be more closely controlled than can be done in an average 
smokehouse. 

Passing to the second function of smoking, namely, disinfec¬ 
tion, it is known that whereas wood smoke retards the develo[)- 
ment of mould on sheet rubber it is by no means a perfect 
disinfectant, and smoked sheet is liable to develop mould if it 
becomes damp during transport or storage. On the other hand 
sheet rubber can be made extremely resistant to mould grow'th by 
treatment with paranitrophenol (P.N.P.). As far, then, as 
disinfection is concerned it appears that the work can be done 
more effectively by other means than by smoking. 

As regards the obscuring of irregularities in the colour of 
the sheet, discoloration of the coagiilum can be prevented, if 
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considered necessary, by addition of a very small amount of 
formalin to the latex (1 part formalin to 1,200 parts dry rubber). 
Specks of grit and other blemishes are much more readily obser¬ 
vable in unsmoked sheet, but it would be all to the good both of 
Producers and Manufacturers if the preparation of this grade of 
rubber led to greater cleanliness and to an improvement in 
methods for straining the latex. Alternatively if considered 
desirable, the colour of smoked sheet could be simulated by addi¬ 
tion of a small proportion of a phenolic substance to the latex 
with the coagulant. 

Experiments were carried out on the lines suggested above; 
in the first place on a small scale, the sheets being dried in a small 
heated cupboard and later in a “half scale” building heated by 
means of steam pipes. This building was designed on orthodox 
smokehouse lines, the dimensions being 10 ft. by 10 ft. by 14 ft. 
high (at the ridge). .Steam was generated in a small vertical 
boiler, the radiating .surface being provided by means of 100 ft. of 
2-in. steam piping situated about 6 inches above the floor of the 
building. Four tiers of racks were provided for hanging the 
.sheets, the total capacity being approximately 825 lb. Ventila¬ 
tion consisted of four 6-inch inlet pipes near the base of the build¬ 
ing and two 6-inch chimneys in the ridge. The remain<ler of 
the roof was sealed with asbestos cement sheets, and doors and 
windows were made to fit closely. 

The experiments indicated that sheet rubber dried without 
.smoke at a normal smokehouse temperature, namely 115®F, is 
distinctly soft and sticky. It was found advisable to reduce the 
drying temperature to 1()0°F and even when dried at this 
temperature sheets had a characteristic surface stickiness which 
is not present in average smoked sheet. Closer examination of 
sheets airdried at ordinary temperature showed that they too, 
at least at certain times of the year, were slightly sticky compared 
with smoked .sheet. The stickiness of different samples was 
compared by determining the weight required to peel two strips 
apart after they had been pressed together under a 14-lb. weight. 
This may be regarded as a mea.sure"of “massing effect” and did 
not always correspond with the apparent stickiness as judged by 
touch. Typical results from the tests were: 

Weight required to 
separate two pieces. 

Smoked sheet ... 20 - 100 grams 

Sheet airdried at ordinary temp. 100 - 250 ,, 

Sheet airdried at 100°F ... 250-750 ,, 

The stickiness did not appear to be influenced by the presence of 
paranitrophenol or by the amount of washing after rolling, hut 
addition of hydroquinone (1:2,000) to the latex slightly reduced 
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the stickiness of the rubber. The method of preparation which 
was finally adopted was to airdry at ordinary temperature for 
about 6 days and complete the drying at 100®F. 

London brokers to whom samples were submitted made no 
reference to stickiness in their valuation and the London Commit¬ 
tee of the Research Scheme also regarded the stickiness as 
unimportant. Tt is probable that the stickiness had actually 
diminished or di.sappeared by the time the samples reached 
London as it can be demonstrated that this occurs when 
unsmoked sheet rubber is cooled in an ice box. It was however 
considered that the stickiness of unsmoked sheet would prove a 
distinct drawback to its sale on the local market and might result 
in undue massing of the rubber during transport. 

From the experimental results recorded above it appears 
that smoke curing serves a further important purpose in addition 
to those which have previously been recognised, namely, it 
enables sheet rul)ber to he dried at raised temperature without 
becoming sticky. The following points in connection with the 
effect of smoking on stickiness have been established: (a) sheet 
dried in smoke is not normally sticky; (b) sheet dried without 
smoke is sticky; fc) sheet dried without smoke and afterwards 
smoked loses its stickiness to a substantial extent; (d) sheet dried 
in smoke and afterwards exposed to hot air does not become 
noticeably sticky. 

It is known that raw rubber is sensitive to oxidation 
especially at increaseil temperature, and it is probable that the 
stickiness of airdried sheet is partially due to oxidation of the 
caoutchouc. Partially, however, it is thought to be due to the 
drying of serum substances on the surface of the sheet. The 
mechanism of the action of smoke in preventing stickiness has 
not been carefully investigated as it was considered more 
important, for the purpose of this investigation, to concentrate for 
the present on results rather than on the precise reason for them. 
It is quite feasible that wood smoke contains small quantities of 
some anti-oxydant substance which prevents oxidation of the 
rubber during drying and that this is assisted by the presence of 
carbon monoxide and carbon dioxide. Mainly it is considered 
that the action is that of a lubricant or varnish, smoke constitu¬ 
ents being deposited on the .surface of the sheet and masking the 
stickiness caused by oxidation of the rubber or the drying of 
.serum substances. That this is the case is shown by the fact 
that unsmoked sheet partially loses its stickiness if sub.sequently 
smoked. Also the smoke may serve a purpose in seiding the 
.surface of the rubber so that serum substances are not exuded 
during drying. 
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So far the question of unsmoked sheet rubber has been dealt 
with from the point of view of appearance, but the greatest draw¬ 
back to the development of this type of sheet as a standard 
market grade arises from examination of the internal properties 
of the rubber. Numerous samples have been forwarded to the 
London branch of the Research Scheme at the Imperial Institute 
for examination and, as the result of a lengthy investigation, it 
has been established that unsmoked sheet, containing para- 
nitrophenol as a disinfectant, is inferior in ageing properties after 
vulcanisation to smoked sheet. This means that rubber articles 
prepared from unsmoked sheet would perish more quickly than 
those made from smoked sheet. Sheet airdried at normal 
temperature is superior to sheet dried at raised temperature.. 
Sheet which has been airdried and afterwards smoked has satis¬ 
factory ageing properties. 

The conclusion regarding the inferior ageing properties of 
unsmoked sheet must be qualified by saying that all the samples 
which were examined contained paranitrophenol. Some samples 
of airdried sheet, without P.N.I’., examined some years ago in 
connection with another investigation were reported tt) have 
good ageing properties, and it is therefore at least possible that 
the deterioration is connected with the presence of P.N.P. 
Samples for the elucidation of this point have been forwarded to 
London and it is hoped that preliminary results will be available 
for pre.sentation with this paper.* If it is confirmed that un¬ 
smoked sheet is inherently inferior in ageing properties, any 
thought of developing a market for this grade of rubber must be 
given up. If, on the other hand, the deterioration is found to be 
due to the presence of P.N.P., then the subject remains open for 
further investigation. The. following must be added to the 
functions of smoke-curing: Smoking improves the ageing pro¬ 
perties of sheet rubber or alternatively neutralises the influence 
of paranitrophenol which tends to cause deterioration. 

SMOKING IN ROOM HEATED BY STEAM PIPES 

Having shown that there are sound reasons for retaining the 
smoking process in the preparation of sheet rubber, attention was 
turned to a proposal made by the writer in a report on airdried 
sheet prepared several years ago» namely, that heat for drying 
the rubber should be provided by means of steam pipes, smoke 
being generated at the same time by slow combustion of wood 
under the most economical conditions. In experiments .some 
years ago on the influence of different types of smoke in preven¬ 
ting mould in sheet rubber^®), “uncomibusted” smoke, as it was 
termed, was produced by slow combustion of wood in a small 

♦ A cable received from tbe Imperial Institute indicates that a sample of tinsmoki^d 
sheet without P.N.P. was found to be superior in ageing properties to a sample Containing 
P.N.P. which was prepared from the same batch of latex., 
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drum (5-gallon capacity) with ventilation holes at the bottom 
and fitted with a perforated lid. It was known that by this 
means a large volume of smoke could be produced with a low 
consumption of wood. 

A quantity of smoked sheet was prepared in the experimental 
drying house by this method. Heat for drying was provided by 
the steam pipes (steam pressure 25 lb. per sq. inch). Smoke 
was generated by combustion of rubber firewood in the 5-gallon 
drum referred to, which gave an ample volume of smoke; the 
problem being rather to restrict the amount than to augment it. 

The sheets were attractive in appearance. They were 
perhaps slightly more sticky than normal smoked sheet, and had 
a slightly clammy feel which is not present in the highest grade 
sheet. This was considered to be attributable to rapid smoking 
and to the type of smoke produced by slow combustion. 

The rubber, amounting to approximately one ton, was sold 
in Colombo where it secured full market price. The broker’s 
report was as follows: 

FIRST CONSIGNMENT 

Grade Character Colombo valuation 

Dark sheet / Stroiifif evenly smoked 

Lighter sheet » good quality 24J cents 

Market price for day 24| cents 

Remarks .—Both these samples are standard quality sheet 
and we would give the preference, if any, to the more lightly 
smoked sheets. The smoking in both cases is satisfactory. 

SECOND CONSIGNMENT 

Grade Character Colombo valuation 

Ribbed smoked sheet Strong good quality 

sheet, little un¬ 
evenly smoked 22^ cents 

Market price for day 22^ cents 

During the time that the smokehouse was filled with rubber, 
firewood consumption amounted to 43 lb. per day (20 hours’ 
smoking). Allowing 8 days for drying and smoking (it will be 
shown later that the time of smoking should not exceed 5-6 days) 
the actual consumption of firewood for smoking amounted to 1 lb. 
of firewood to 2*4 lb. rubber, or in other words 1 “yard” of 
firewood to 1,350 lb. rubber. This, it should be remembered, 
was in the experimental smokehouse holding only 4 tiers of 
sheets. In a modern estate smokehouse containing 12 tiers of 
sheets, and allowing for the fact that the rubber was somewhat 
too heavily smoked to suit the Colombo market, the consump¬ 
tion should not exceed 1 yard to 2 tons of rubber. 
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Condensation of water in the steam pipes averaged 35 
gallons per day, which represents in an efficient low pressure 
boiler a consumption of 35-40 Ib. of coal. Taking the price of 
coal at Rs. 30-00 per ton and firewood at Rs. 2-50 per “yard,” 
the cost of fuel for drying and smoking amounted to 0‘65 cents 
per lb. of rubber. If, as in subsequent experiments, the time of 
drying and smoking was reduced to 6 days by suitably regulating 
the thickness of the sheets, the cost would be 0'49 cents per lb. 

This, then, constitutes a method whereby an estate faced 
with a shortage of firewood supplies may continue to produce 
standard quality smoked sheet, without increase in cost of pro¬ 
duction and with very materially reduced consumption’ of fire¬ 
wood; but the question arises whether some means of heating 
the building could be devised which would dispense with the 
need for a somewhat costly boiler and steam pipe installation. 

SMOKING IN ROOM HEATED BY COKE STOVE 

Some years ago the question of heating by means of a coke 
stove was considered, but preliminary tests did not give promis¬ 
ing results and this line of work was not followed up. Recently, 
however, Mr. R. C. Barnacle, Superintendent of Sunderland 
Estate, submitted to the Research Scheme samples of smoked 
sheet which had been cured in a smokehouse heated by a coke 
fire, and which were very satisfactory in appearance. Samples 
which were forwarded to London for vulcanisation tests, 
together with normal smoked sheets made from the same batch 
of latex, were found to be. excellent in quality. Referring to 
ageing properties the preliminary report states: “The sheet 
smoked over burning coke is slightly superior to ordinary smoked 
sheet. The difference is not sufficiently marked to be of great 
interest.” Plasticity and rate of vulcanisation were approxi¬ 
mately the same as that of the control sheets. 

A test of this method of curing was made in the experi¬ 
mental smokehouse. Heat was provided by means of coke 
burned in a small green-house stove. Smoke, as in the previous 
experiments, was generated by burning rubber wood in a 5-gallon 
oil drum fitted with a perforated lid. Approximately |-ton of 
rubber was prepared, the time of smoking being 5-6 days. The 
sheets were attractive in appearance, but had the slight clammi¬ 
ness which was referred to previously. The rubber is being 
forwarded to London for disposal but samples were submitted to 
a firm of brokers in Colombo whose report was as follows; 

, Grade Character Colombo valuaMon 

HBiamond smoked sheet. Strong, evenly smoked 

good quality sheet -/17 cents 

Market price for day -/17 centH 
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Remarks .—All six samples represent good standard quality 
smoked sheet and are all of equal value. The only preference 
there might be is that we should make the darkest smoked sheet 
of sample No. “A” the best of the lot while all three samples 
marked “A” are better rolled than samples “B.” 

There was a slight tendency for dust to rise in the smoke¬ 
house when the stove was being raked out, but this is probably 
no worse than in a normal smokehouse, and was obviated in the 
experiments on Sunderland Estate by cleaning the stove from 
outside the building. When the smokehouse was heated by 
steam pipes the temperature could be regulated to 1-2‘^F'. In 
the case of coke heating the variation amounted to 4-5“ F which 
represents considerably closer control than is u.sually attainable 
in a smokehouse. 

Fuel consumption during the experiment averaged 41 lb. of 
wood and 40 lb. of coke daily (20 hours’ smoking). On the basis 
of 6 days’ .smoking this is equivalent to 1 lb. of firewood to lb. 
rubber or 1 “yard” to 1875 lb. rubber. In a full size modern 
smokehouse it should be practicable to smoke •21 tons of rubber 
per yard of firewood. Taking the cost of coke at Rs. 25-00 per 
ton and firewood at Rs. 2-50 per “yard” the actual cost of drying 
and smoking in this experiment amounted to 0-43 cents per lb. of 
rubber. The cost is very similar to that entailed by steam pipe 
heating but the need for an expensive installation is eliminated, 
and it is considered that the f)roduct is slightly superior in 
appearance. 

It is difficult to compare these costs with the cost of smoking 
over a wood fire. Mr. Barnacle considers that a saving of 50% 
can be effected by the use of coke for heating, but in the writer’s 
opinion this depends on the type of fire which the coke stove 
replaces. If the wood has been burned under optimum condi¬ 
tions there should be little difference in cost with firewood at 
Rs. 2-50 per yard. If on the other hand a wasteful type of fire 
is replaced by the well-controlled combustion of a coke stove, 
then there may well be a very material saving. The curing of 
sheet rubber in a building heated by a coke stove, in the presence 
of smoke generated by. slow combustion, can be regarded as a 
thoroughly practical method for the preparation of standard 
smoked sheet with greatly reduced consumption of firewood, and 
may also prove more economical than normal smokjng. 

The foregoing conclusion is subject to confirmatory tests of 
the quality of rubber smoked over a coke fire. 

PRELIMINARY AIRDRYING 

The writer has recently made a suggestion that sheets 
(containing P.N.P. as a disinfectant,) could be partially o’rdried 
at ordinary temperature before smoking, with proportionate 
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economy in fuel. The question of the rate of drying of sheet 
rubber at different temperatures will be considered later in the 
paper but it may be mentioned here that in a recent experiment 
sheets (containing P.N.P. as a disinfectant) were airdried for 6 
days and were then transferred to the coke heated smokehouse 
for 3 days for smoking and completion of drying. The amount 
of smoke was increased somewhat to give the required depth of 
colour, but this did not materially affect the consumption of fire¬ 
wood. The cost of curing was therefore slightly over 0’2 cents 
per lb. to which must be added the cost of paranitrophenol 
amounting to 0’17 cents per lb. The sheets were submitte;d for 
valuation in Colombo with the other sheets cured over coke and 
the broker’s report covers both samples (.sample B partially air- 
dried). 

In some earlier tests partially airdried sheets which were 
smoked in the room heated by steam pipes were slightly sticky, 
but it is not certain whether this was due to the method of heating 
or if the tendency to stickiness varies at different seasons. It 
should also be mentioned that samples which were prepared soon 
after new tapping cuts were opened were somewhat “short,” but 
this was probably insufficient to affect the value of the rubber. 
It remains to be proved whether preliminary airdrying will lead 
to any economy compared with continuous smoking under 
optimum conditions, but several managers of estates with com¬ 
paratively inefficient smokehouses have reported a material 
saving by adopting this method of curing. 

That concludes the account of the experiments on alternative 
methods of curing sheet rubber, but the opportunity will be taken 
to discuss several questions relating to design of smokehouses and 
the properties of sheet rubber which have been considered during 
the course of the investigation. 

SMOKEHOUSE DESIGN AND VENTILATION 

It is now generally recognised that economy in smoking is 
largely dependent on the amount of rubber which can be accommo¬ 
dated over each fire, or in other words on the height of the smoke¬ 
house. It is necessary that both heat and Smoke should be 
utilised to the best advantage before they pass from the building, 
the limiting factors being the fall in temperature which occurs as 
the smoke ascends and the humidity of the air. It is considered 
that an efficient smokehouse .should accommodate at least 12 tiers 
of sheets, which implies a building of 3 storeys including the 
ground floor, approximately 30 feet in height. Several such 
smokehouses have recently been constructed in Ceylon and their 
introduction has largely been sponsored by Mr. L. M; 
Wilkins. In a smokehouse of this type firewood consuniption 
should not exceed 1 lb. to 2 lb. of rubber, i.e. , 1 “yard” to |-tcni 
of rubber, and in at least one case a considefably higher bptoiit 
has been obtained; 
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Efficiency must also depend very largely on the ventilation 
of the building, it again being a question of making the best use 
of heat and smoke before they pass from the building. In a 
publication on smokehouse design the need for adequate 
ventilation was stressed and it is well known that lack of venti¬ 
lation may lead to trouble with “rust,” or alternatively may 
cause the sheets to “sweat.” When a fire is burning in a room, 
however, a considerable draught is produced and large quantities 
of air are drawn through comparatively small openings, and the 
amount of ventilation must therefore be very carefully regulated. 
Up to the present smokehouse ventilation has been entirely de¬ 
pendent on personal judgment, but the opportunity has been 
taken to make measurements of air movement in the experi¬ 
mental smokehouse. The volume of air passing out through the 
top ventilators was carefully measured by means of an air-meter 
and, with the amount of ventilation provided, it was found that 
air movement (at a temperature of 115®F) was equivalent to 
5-6 complete changes of air per hour. A similar test with the 
door of the lower room open showed no increase in the amount 
of air passing through the top ventilators. This is taken to con¬ 
firm the opinion that ventilation should mainly be controlled by 
restriction of top ventilation. If, on the other hand, free top 
ventilation is provided and the flow of air is restricted from the 
bottom, then, when the door is opened for stoking the fire, there 
is an immediate rush of air through the building. Tests of the 
humidity of the air leaving the building, even under adverse con¬ 
ditions, showed it to be only 60% saturated with moisture, and it 
was therefore concluded that ventilation was ample. It was 
concluded that smokehouse ventilation should approximate to 1 
sq. foot of top ventilation to each 3000 cubic feet capacity of the 
room, and one sq. foot of bottom ventilation to 1500 cubic feet 
capacity. Naturally in designing a new building provision would 
be made for additional ventilation and a final adjustment made 
according to results. 

RATE OF DRYINO OF SHEET RUBBER 

The rate of drying of sheet rubber is a matter of considerable 
interest. Freshly rolled sheet after being allowed to drip for a 
few hours contains approximately 25% of moisture. After one 
night in the smokehouse the moisture content is reduced to 5% 
and after 2 nights to 2%. It is the small proportion of residual 
internal moisture that remains at this stage which is so difficult to 
remove and which really regulates the time required for complete 
drying, If the sheet is hung to airdry at ordinary temperature 
the moisture content is reduced to 15% after the first night, to 5% 
after 2 days, and to 2% in 3-4 days. The bulk of the moisture 
can thus be removed without artificial heat and it is only for the 
last stages of drying that heat is really required. In a recent 
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experiment, sheet (containing paranitrophenol) which had been 
airdried for 6 days was completely dry in 1^ days after transfer 
to the smokehouse; although it required a further 1^ days before 
it was sufficiently coloured. Similar sheets put straight into the 
smokehouse required 5-6 days for complete drying. From the 
fact that most of the moisture is removed during the first night of 
smoking it follows that, if a separate auxiliary smokehouse is 
provided for the first night’s smoking, the ventilation of the main 
.smokehouse could be materially reduced, in fact, it could be 
regarded more as a smoke room than a drying room. Tests on 
these lines may lead to a standard of fuel economy which is not 
at present attainable. 

The rate at which the residual internal moisture present in 
the sheet can be removed depends mainly on the thickness and 
texture of the rubber. Careful tests have been made of the effect 
of the thickness of the sheet on the rate of drying and it is con¬ 
cluded that in most Ceylon estates the sheets are too thick 
for efficient drying. x'Vn average Ceylon .sheet may be taken as 
weighing lb. and having dimensions of 23 in. xl5 in. This 
corresponds to a weight of 10 ounces (280 grams.) per sq. foot. 
Such a sheet takes 7-8 days to dry in the experimental smoke¬ 
house. By reducing the thickness of the rubber to 8-9 ounces 
(225-250 grams) per square foot the time required for drying can 
be reduced to 4-6 days in the experimental smokehouse. A sheet 
weighing 1^ lb. and measuring 23 in. x 18 in. is of correct thick¬ 
ness for efficient drying combined with good appearance, and is 
also the most suitable size for jwcking in a standard rubber chest. 
Admittedly under estate conditions it is not easy to make sheets 
of these dimensions in the coagulating pans which are in use 
(10 in. X 14 in. and 11 in. x 16 in.), aLso in many factories sheet¬ 
ing rollers are insufficiently wide (20 in. instead of 24 in.) and the 
reapers in the smokehouses are not suitably spaced. In such 
cases it is desirable that the correct thickness should be en.sured 
by making a sheet of somewhat smaller weight. 

It is usually the ends of the sheet which take longest to dry 
owing to the coagulum “banking up” at the ends during rolling. 
This can largely be avoided by hand pressing the rubber before 
rolling and at the same time the shape can be influenced to 
produce a wider sheet. Mainly it is thought that the slower dry¬ 
ing at the ends is due to increased thickness but it may also be 
due to the rubber being pressed harder. Careless handling of the 
coagulum or unevenness of the rollers may also lead to thick 
patches which delay drying. 

Some tests have been made with a view to designing a coagu- 
latiiig pan of rnore suitable size than those at present in use. A 
pan is exhibited having the dimensions: top 13 in. x 15 in., bottom 
10 in. xl2 in., thus giving well-sloped sides and ends. Latex 
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coagulated in this pan can be tolled, without previous hand press- 
ing, to give a sheet of correct dimensions for the packing chest 
and free from slow drying ends. 

In designing a smokehouse the size is usually based on an 
allowance of 10 days for smoking and drying. If the thickness 
of the rubber is suitably controlled there is no reason why the 
smoking period should not be reduced to 6-7 days with consequent 
reduction in capital expenditure and operating costs. Smoking 
should be continued for 18-20 hours daily which leaves ample time 
for sorting and removal of sheets. It is fallacious to suppose 
that smoking should be discontinued in the daytime in order to 
get the benefit of the heat of the sun. The day temperature of 
a smokehouse, without fire, is rarely above 90°F, and this 
temperature does little to assist in removal of the residual 
moisture referred to. On the other hand a small fire will raise 
the temperature to a useful level. No comparative e.Kperiments 
have yet been made on the effect of temperatures above 115‘^F on 
rate of drying, although there are indications that a temperature 
of 125-130‘^F may give a substantial reduction in-time of drying. 
I he disadvantage of increasing the temperature in an estate 
smokehouse is the increased risk of fire. 

HANDLING SHEETS: PATENT CLIPS: THE DEVON 
SMOKEHOUSE 

During the investigation of smokehouse design the writer 
has been impressed with the inconvenience of the usual type of 
building from the point of view of handling the sheets. Placing 
the reapers at right angles to the passages and providing loose 
reapers, so that the position of the sheets can be altered without 
handling, has been advocated, but even this method has its 
disadvantages as there is a tendency for the ends of the sheets to 
stick together if the reapers are closely spaced. Recently 
.several patent clips for hanging sheets in the smokehouse have 
been placed on the market, the chief advantages claimed being 
that the sheets are kept free from reaper marks and need not be 
handled during the smoking period. The disadvantage is that 
the strip of sheet held by the clip, amounting to about 2^% of the 
total weight, is not smoked and must be cut off. The writer’s 
experience is that a lb. wet sheet when held in a clip and dried 
at 115'^F stretches unduly, although a lighter sheet may be quite 
satisfactory. If the sheets are airdried for some days before 
smoking there is no stretching and this method of hanging may 
be very useful if the loss of a small proportion of first grade 
rubber is not regardeil as an insuperable obstacle. 

In Malaya a design of smokehouse known as the “Devon” 
type is used on many estates and there are a few examples in 
Ceylon. In this type of building the hanging racks are in the 
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form of trolleys which run on rails and are pulled out on to a 
verandah for examination of the sheets. This system enables 
the examination or changing of sheets to be carried out conveni¬ 
ently and also leads to economy of heat and smoke as passage 
ways are eliminated in the smokeroom. The absence of passages 
probably also helps to promote uniform ventilation. Obviously 
this type of building is expensive to construct as the verandah 
must be equal in size to the smoking room, and the trolleys must 
be substantially made if they are to give satisfactory service. 
Apart from initial cost this type of smokehouse can be recom¬ 
mended with confidence as the most efficient available and if, by 
ensuring that smoking is completed in 6 days, a small building 
can be made to serve the purpose for which a larger building was 
previously considered necessary, the cost need not greatly exceed 
that which it is at present considered reasonable to incur in build¬ 
ing a smokehouse. 

SUMMARY 

The results of the investigation may be summarized by 
saying that a satisfactory method has been devised for the prepa¬ 
ration of standard quality smoked sheet on estates where it is 
important that firewood consumption should be reduced to a 
minimum, and that this can be done without expensive equipment 
or increase in cost of production. Under certain conditions the 
cost of curing by this method may be less than that of normal 
smoking. 

Attention has also been drawn to the various factors on 
which the efficiency of smoke 'curing depends and regulation of 
which may lead to a materially higher standard of economy. 

In conclusion, the writer would like to express his thanks to 
the proprietors of Culloden Estate for providing rubber for the 
experiments at cost price and to Messrs. D. Davidson and 
C. Gilliat of Culloden Estate for their co-operation in the 
experiments. 
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DISCUSSION 

Following: the reading of Mr. O’ Brien’s paper, His Excwt.LENCY oom^ 
mented on the interesting character of the paper and expressed the thanks 
of the meeting to its author. 

Dr. Youngman asked Mr. O’Brien if he had experimented to find out 
the possibilities of colouring smoked sheets as such coloured shafts seemed 
to have commercial possibilities. 
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Mr. OVBrien replied that he had some time previously carried out some 
experiments in which the sheets were coloured by the addition of phenolic 
substances to the latex. At one time it seemed that this might be a 
practicable proposition, although there were certain disadvantages. To 
begin with, coloured rubber had the properties of airdried sheet, which, 
he understood recently, was inferior. If that inferiority was only due to 
the presence of paranitrophenol there might still be some scope for preparing 
coloured sheets. But there was the other point that the amount of firewood 
required for the colouring of the sheets was so small that it did not really 
pay to put colouring matter into rubber, and there were few estates where 
firewood was so scarce that a small amount/ of w(X)d could not be provided. 

Mr. H. L. De Mel asked Mr. O’Brien if he had any experience of 
smoking sheets with the smoke of coconut husk, which contained a certain 
amount of creosote, which acted as a disinfectant. To his knowledge such 
sheets were ordinarily resistant to mould. 

Mr. O’Brien : I think there is no doubt that sheets smoked with coconut 
husk are particularly resistant to mould, but unless the smoking is done 
fairly slowly you get a rather shiny sheet, which the market does not like. 
He added that the sheets which Mr. Barnacle had sent him as a sample were 
entirely smoked in this way. He believed, however, that Mr. Barnacle at 
first got his husk for nothing, but later when he had to pay for them 
he found that firewood was slightly cheaper. 

Mr. H. a. Webb desired to know what the market ready wanted and 
w'helher appearance, which after all was purely subsidiary, could not be 
dispensed with as a criterion of value. 

Mr. O’Brien : That is rather a difficult question to answer, because I 
don’t think the manufacturers themselves are agreed as to just wffiat they 
want, the fact being that for different purposes different qualities are 
required. I should say that actually the two most important properties 
of rubber are : firstly, its ageing properties, namely, that it does not perish 
too quickly after vulcanising (and this investigation shows that smoking 
plays a part in improving rubber in this respect), and, secondly, its plastic 
property, so that it is easily broken in the mills at Home. 

He explained further that it did not necessarily mean that soft sheets 
would be plastic. There was something to be said for selling on appearance, 
for it meant that the rubber was free from dirt and was manufactured care¬ 
fully and, therefore, possessed normal properties. 

In reply to a question by Mr. De Zoysa, Mr. O’Brien said that he person¬ 
ally did not favour the use of clips, although they made the rubber easier to 
handle in the smokehouse. 

Mr. R. G. Coombe asked w'hether during the airdrying mentioned by 
Mr. O’Brien there was much humidity. 

Mr. O’Brien replied that ordinary airdrying took anything from 14 days 
upwards. In dry weather he expected the sheets to be dry in 14 days, but 
he had known sheets requiring six weeks in a moist atmosphere. When he 
had remarked earlier that the moisture content had been reduced to 2 per 
cent, in four days he considered that that had come about independently of 
weather conditions and was more a case of the moisture wanting to get 
out of the sheet than being forced out. 
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THE CONTROL OF OIDIUM LEAF DISEASE 

R. K. S. MURRAY. A.R.C.SC.. 
MYCOLOGIST, 

RUBBER RESEARCH SCHEME (CEYLON) 
INTRODUCTION 

I N view of the depressed condition of the rubber plantation 
industry at the present time and the urgent necessity for 
retrenchment in every direction, 1 feel that an apology is 
due for reading a paper which is not directly concerned 
with economy in costs of production. Indeed it would seem that 
I am advocating the adoption of a measure which will add to the 
already overburdened expenditure of the rubber estate. An 
institute such as the Rubber Re.search Scheme, however, in 
addition to dealing with problems of immediate practical 
importance to the planter, must also look to the future and 
conduct researches which will be of ultimate benefit to the 
industry. Hence a great deal of attention has recently been 
devoted to the problem of controlling Oidium leaf disease, 
although it is unlikely that under present conditions many estates 
will adopt the method to be described, i.e., dusting with sulphur 
powder. 

STATUS AND ECONOMIC'IMPORTANCE OF OIDIUM 

The symptoms of Oidium leaf disease are now too familiar to 
need description in this paper, but before discussing control 
methods a brief survey of the status of the disease in the various 
rubber-producing countries may be of interest. 

In Java the disease was first reported in 1918, and has 
increased in severity in successive years. At the present time 
it causes serious defoliation over thousands of acres during the 
weeks immediately following the "wintering” period, and has 
been one of the foremost subjects for investigation by Dutch 
scientific workers. In Malaya Oidium occurred for the first time 
in 1928. During the la.st two years it has spread to many 
districts and has now been declared a notifiable pest. The 
disease was first reported in Ceylon in 1925, being found simul¬ 
taneously in most of the rubber-growing districts. It is now 
present on probably every estate in the Island, though the extent 
of defoliation caused by the fungus varies greatly in different 
localities. In the main low-country districts the fungus is active 
for a period of about two months from the middle of February to 
the middle of April, and any tree which puts on new leaves during' 
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this period is attacked and partially defoliated. Owing to the fact 
that the fungus is passive during the remaining ten months of 
the year only a proportion of the trees is attacked to any serious 
extent, and these trees are able to recover by producing a 
secondary crown of foliage. On the other hand in certain mid¬ 
country districts, notably in parts of Matale and Uva, the virulent 
period is of far longer duration with the consequence that all trees 
are attacked and a process of continual defoliation results. In 
badly affected areas as large a proportion as 50% of the trees may 
be found to be completely defoliated. 

It is indeed fortunate that Oidium should have attained this 
severity not in the main low-country rubber-growing districts, but 
in the mid-country where rubber-growing is relatively unimport¬ 
ant to the Island as a whole. It seems probable that the climatic 
conditions in the wet low-country districts are unfavourable to 
prolonged activity of the fungus so that extensive defoliation is 
not to be expected. I'he possibility, however, of the disease 
becoming more serious in these localities must be kept in view, 
and it was therefore considered very necessary that the control of 
Oidium should be investigated. 

At this stage it will be well to consider the economic signifi¬ 
cance of Oidium in Ceylon. The importance of Oidium, as of 
any other disease of Hevea, must ultimately be judged by the 
loss in yield entailed. A costly method of disease control will not 
commend itself to the planter and estate proprietor unless it can 
be .shown (1) that the disease, if allowed to remain unchecked, 
will eventually cause los.ses in yield; (2) that the control method 
is effective; and (3) that the comparative increase in yield of the 
treated rubber compensates for the exf>enditure involved. The 
first two points are dealt wdth in this paper. As regards the third 
no reliable figures are yet available, and the financial aspect of 
the treatment must necessarily depend, to some extent, on the, 
selling price of the commodity. 

There is at present a lack of reliable information regarding 
the effect of severe Oidium attack on yield. In Java, where the 
disease has caused .serious defoliation for many years, consider¬ 
able decreases in yield have been reported, though I have .seen 
no scientific data on the subject. In Ceylon no decreases in 
yield have, so far as I know, been attributed to Oidium, and 
it is hoped that yield records which are being kept on a 
badly affected estate will elucidate this point. Surprise may 
be expressed at the ability of a severely defoliated tree to 
yield an apparently undiminished flow of latex, and in en¬ 
deavouring to find an explanation we are unfortunately handi¬ 
capped by our ignorance of the function of latex in the tree. 
There can be little doubt that abnormal defoliation is seriously 
detrimental to bark renewal, and the full effect of Oidium will 



therefore not be apparent until the bark is being tapped that has 
renewed during the years in which the disease was active. On 
no estate in Ceylon has Oidium been severe for more than about 
four years, and during these years the bark that has been tapped 
was fully renewed while the foliage was healthy. Resting due to 
restriction has resulted on most estates in the possession of large 
reserves of bark so that the eflFect of poor renewal during the past 
few years has not yet been in evidence. It is anticipated that 
unless control measures are taken the yield of severely affected 
estates will soon show a decrease which will become more marked 
in successive years. The evils of poor bark renewal are familiar 
to all rubber planters, and the desirability of adopting efficient 
measures to control the cause thereof will therefore be 
appreciated. 

CONTROL 

In the control of a leaf disease there are always three possible 
lines along which research may be conducted: (1) by breeding 
immune or resistant varieties of the host plant; (2) indirect 
control by cultivation methods; (3) direct control by killing the 
causative fungus. I will deal briefly with the first two considera¬ 
tions before describing in some detail the method of sulphur 
dusting. 

(1) Breeding immune or resistant varieties. —If an immune 
variety or species were found it could be grafted on to a high- 
yielding stock so that the composite tree would possess an 
immune crown of foliage. There is at present, however, no 
evidence of any inherent immunity or resistance amongst indi¬ 
vidual trees of Hevea hraziliensis. In Java, Bobilioff has bud- 
grafted three different species of Hevea, H. collina, H. guya- 
nensis, and H, spruceana high up on stocks of H. hraziliensis, and 
these buddings have been planted out on two estates heavily 
infected with Oidium. Now, however, that an effective method 
of controlling the disease has been found it is doubtful if these 
composite plants will be of commercial value. 

(2) Indirect control by cultivation methods. —It is a well- 
established fact that the application of nitrogenous manures 
benefits the foliage of rubber, and recent experiments and obser¬ 
vations in Ceylon and Java indicate that trees manured in this 
way, while no less susceptible to attack by Oidium, are better able 
to recover from the effects of the disease. In severely affected 
areas, however, where Oidium causes a process of almost con¬ 
tinual defoliation throughout the year, the adoption of manuring 
and other cultivation methods is of little Value. Where the 
period of virulence is short nitrogeneous manures will assist the 
tree to put out a secondary crown of leaves to replace the foliage 
destroyed by Oidium, hut in badly affected areas this; 
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crop will also be attacked and therefore the value of the manures 
lost. Heavy nitrogeneous manuring delays the wintering period 
and in some localities it may thus be possible to postpone the time 
of refoliation until the fungus is inactive. 

To summarise these remarks, the application of nitrogeneous 
manures to severely affected areas is not recommended, although 
on more mildly affected estates the worst effects of the disease 
may be largely ameliorated, 

(3) Direct control by killing the causative fungus .—For 
effective control'of a fungus disease by the application of a fungi¬ 
cide three conditions must be satisfied. First, the fungicide used 
must be highly toxic to the causative organism; secondly, the 
technique must be such that the fungicide reaches the necessary 
parts of the host plant; and thirdly, the application must be made 
at the right time in relation to the life-history of the fungus and 
of the host. 

In the search for an effective means of controlling Oidium 
the first of these provisions was easily satisfied, since experience 
with diseases caused by other powdery mildews has shown that 
sulphur, in one form or another, is the most effective fungicide. 
The problem of applying sulphur to the foliage of the rubber tree 
was, however, less easily solved. The first experiments were 
carried out in Java with Sulfinette, a lime-sulphur preparation. 
Spraying with this fungicide was found to give a certain measure 
of control but was relatively unsatisfactory owing to the high 
cost of the treatment. Liquid spraying of Hevea must neces¬ 
sarily be an expensive, slow and troublesome operation owing 
to the difficulty of projecting a fine spray to the required height. 
The operation is largely dependent on a ready supply of water, 
and on some estates the cost of transporting water would be 
prohibitive. The average cost of spraying rubber with Sulfi¬ 
nette is about Rs. 15-00 per acre, an area of about 1-1| acres being 
treated in a day. 

The problem^ therefore, was to find a method of spraying 
sulphur which was effective, cheap, quick and universally 
applicable. 

SULPHUR DUSTING 

As the result of some years of experiment the Dutch workers 
in Java evolved the method which is now regarded as the 
Standard treatment for controlling Oidium. It was clear that if 
finely powdered sulphur could be applied in a dry form the prob¬ 
lem of the supply and transport of water would be eliminated. 
Dusting from aeroplanes was given a trial but although good 
results were obtained this method has, I understand, been 
discarded on account bf the cost. The method now adopted 
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consists, in brief, of projecting upwards a cloud of finely divided 
sulphur powder by means of a small power machine which can be 
carried through the estate by coolies. At this stage it may be 
stated that the method has been used with great success over 
thousands of acres in Java during 1929 and 1930, but that in 
Ceylon it is still in the experimental stage. Owing to different 
conditions of environment, climate, etc., in the two countries the 
problems of Oidium control are not identical in detail, and further 
experiments are necessary before the same degree of control is 
obtained in Ceylon as in Java. Experiments which have so far 
been carried out have given very promising results, and have shed 
light on many important points. 

THE DUSTING MACHINE 

The machine which has been mostly used in Java and in our 
experiments in Ceylon is the Bjbrklund Duster. The power is 
supplied by a two-stroke petrol engine which drives a fan at 
high speed. Sulphur is admitted to the fan chamber from a 
hopper with a feed regulator and is blown up through a chimney. 
The whole forms a compact unit mounted on an iron stretcher, 
and is slung from poles and thus carried on the coolies’ shoulders. 
This machine has proved to be very efficient and economical to 
run. Other dusters are on the market, and an experimental 
machine of British manufacture has recently been te-sted in 
Ceylon. 

The Sulphur .—It is essential that very finely divided sulphur 
be used since the success of the dusting operation is entirely de¬ 
pendent on the cloud-forming properties of the powder. Broadly 
speaking two suitable forms of sulphur are available: (1) Vol¬ 
canic sulphur from Java, which needs sun-drying and sifting 
before use; and (2) specially prepared dusting sulphur of which 
American firms appear to have the monopoly. American sul¬ 
phur can be used without any preliminary drying or sifting. It 
is more expensive, however, than the Java product, and it is 
doubtful if the saving in the labour of drying and sifting com- 
pen.sates for the higher initial cost. 

THE DUSTING OPERATION 

For the dusting operation ten or twelve coolies are required 
according to the nature of the ground. It is usually possible to 
treat the greater part of a field from the paths or roads, but it is 
occasionally necessary to negotiate rough and steep ground. 
Although four coolies can carry the machine on flat ground it is 
usually desirable to have six or eight coolies available for this 
purpose. The remainder are employed in carrying the sulphur 
and feeding it into the machine. 

The engine is started, sulphur fed into the hopper, and the 
dusting is in progress. The machine is carried, WThile working, 
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along suitable paths or lines, the output of sulphur being 
regulated according to the strength and direction of the wind, 
the lie of the land, and the rate of progress. The sulphur is 
ejected in the form of a cloud of very fine particles similar in its 
behaviour to smoke. The distance to which the sulphur carries, 
and therefore the working range of the machine, is dependent on 
the strength of the wind. On a still day the sulphur rises very 
high and often forms a cloud above the tops of the rubber trees. 
Under such conditions the machine has a small range of action 
and the dusting process is comparatively slow. A strong wind is 
unfavourable unless blowing down a steep slope since the sulphur 
does not then rise sufficiently high. The ideal conditions are a 
slight steady breeze which permits the sulphur to rise to a suffi¬ 
cient height and at the same time wafts it slowly through the 
foliage. If such a breeze is blowing across the direction in which 
the machine is being carried a distance of about 100 yards can be 
effectively dusted from each line. The problem of applying the 
dust to every portion of a rubber field is not one on which any 
hard and fast rules can be laid down. Every area-must be treated 
on its own merits in accordance with the local and wind conditions 
obtaining at the time. As the result of experiments which have 
recently been carried out on steep land in Uva I have come to 
the conclusion that it is of great importance that every little 
corner of a field be adequately treated. This is often a matter of 
extreme difficulty on steep and rocky ground, but if necessary the 
acreage covered in a day must be sacrificed in order to ensure 
that every portion receives its full quota of sulphur. As far as 
cost is concerned the acreage treated in a day is relatively unim¬ 
portant since the cost of the operation lies almost entirely in the 
sulphur. Under favourable conditions on well roaded land an 
area of 100 to 150 acres should be covered in a day, but on steep 
land, such as is common in the mid-country districts of Ceylon, 
50 acres is a more probable figure. 

Such questions as the minimum effective quantity of sulphur 
per acre, the number of applications and the period elapsing 
between successive applications must be subjects for further in¬ 
vestigation, and will depend largely on the severity of the disease. 
In Java the first application is made immediately before the out¬ 
break of Oidium on the young leaves produced after “wintering.” 
A careful watch is kept for signs of renewed activity, and as soon 
as the disease is seen a second application is made. This pro¬ 
bably follows two or three weeks after the first dusting. This 
process is continued during the two or three months in which the 
fungus would naturally be virulent, a total number of five or six 
applications probably being made. The quantity of sulphur used 
is about 10 to 12 lb. per acre, though further experiments are 
being carried out to discover the minimum effective dose. 
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In Ceylon the optimum time to commence dusting provides 
a more difficult problem, since in badly affected areas the fungus 
is active throughout the year. Even in such localities, however, 
a period of maximum virulence covering the time of normal re¬ 
foliation is evident, and dusting should probably be commenced 
at the first advent of young leaf after "wintering.” Subsequent 
applications should be made at approximate fortnightly intervals 
until all the trees are in mature leaf. The problem is compli¬ 
cated by the fact that in the mid-country districts of Ceylon 
normal wintering is irregular and protracted so that for several 
months there is abundant young leaf and flower which the fungus 
can attack. In the experiments which have so far been carried 
out in Ceylon about 12 lb. of sulphur per acre per application 
have been applied. There is evidence, however, that in the most 
severely affected areas this quantity is insufficientl, and it is 
probable that a greater quantity of the fungicide should be used 
at least in the first one or two applications. 

RESULTS 

In dealing with the most important aspect of sulphur dusting, 
i.e., the results obtained, I will first refer to the work in Java. 
As regards the effect of dusting on increased rubber production 
very few figures are yet available. The only figures I have seen 
indicate an increased yield of over 50% on dusted as compared 
with undusted plots. I am not, however, disposed to place much 
reliance on these figures since the experiment has been in progress 
for too short a time. There seems no doubt that as regards 
foliage the dusting treatment -has achieved phenomenal success 
in Java. Almost 100% control is claimed, only slight secondary 
attack being evident, while the abundance of flower, and subse¬ 
quently seed, in dusted areas is a striking feature. 

In Ceylon we cannot yet claim to have achieved so great a 
measure of success. Yield records are being taken from plots 
in neighbouring dusted and undusted fields, but these have not 
yet been in progress for a sufficiently long time for any conclusions 
to be drawn. In the absence of evidence regarding the value of 
sulphur dusting in re.spect of yield attention must be confined to 
its effect on the foliage. 

A number of photographs have been taken illustrating the 
benefit to the foliage due to sulphur dusting. These are passed 
round for inspection, and are readily understood by reference to 
the explanatory footnotes. 

As an additional means of judging the results of the treat¬ 
ment a series of light tests was taken In a dusted and a control 
field. The method consists of exposing a small circular area of 
photographic printing paper to the light for a certain specified 
time, the depth to which the paper is tinted being proportional to 
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the intensity of the light. Provided, therefore, that the intensity 
of the light is constant the depth of tint is inversely proportional 
to the amount of shade caused by the foliage. The results of the 
light tests taken in a number of plots in a dusted and a control 
field is shown in the photograph exhibited. It will be seen that 
the discs relating to the control rubber are darker in tint than 
those exposed under the dusted rubber, thus showing that the 
dusted foliage was denser than the control. 

Other methods have been used to demonstrate the benefit 
due to dusting, and certain figures were given in a previous 
publication issued as Leaflet No. 1! of the Rubber Research 
Scheme (Ceylon.) 

To summarise the results obtained in the experiments which 
have so far been conducted in Ceylon, a considerable benefit to 
the foliage has been secured, though the fungus has by no means 
been completely controlled. It was not to be expected that the 
first experiments on an entirely new treatment such as sulphur 
dusting should be completely successful. Various reasons for 
the failure to secure complete control have been deduced, and 
these points will receive special attention in future experiments. 

QUANTITIES AND COSTS 

I'he cost of the highest grade of Java volcanic sulphur is 
about 6| cents per lb. f.o.r. Colombo for quantities of ten tons 
and over. The cost of making one application of sulphur on the 
basis of 12 lb. per acre and 10() acres per day works out at about 
Rs. 88-00 per day, or 88 cents per acre, made up as follows: 

Rs. cts. 

1200 lb. Sulphur Qt) -/06i cts. per lb. ... 78 00 

12 coolies for carryinjf duster and sulphur ^ -/60 cts. 7 20 

gallons petrol-oil mixture ... 3 00 

88 20 

This excludes depreciation on the machine and the expense 
of special supervision. It will be seen that the cost of the 
operation lies almost entirely in the sulphur, the labour and the 
running expenses of the machine being very small items. On 
severely affected e.states it is probable that six applications would 
be necessary at a cost of about Rs. 5-00 per acre. 

CONCLUSIONS 

I have endeavoured in this paper to indicate first the neces¬ 
sity for undertaking control mea.sures on estates severely 
affected with Oidium, and secondly a method by which control 
may be secured. Although sulphur dusting is still in the experi¬ 
mental stage in Ceylon there is no doubt that it is a quick, 
effective, and comparatively cheap means of control. There are 
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still many points which only further experiment can elucidate. 
For example, it is not known to what extent dusting will be a 
permanent cure,and whether it will be necessaty to carry out the 
treatment every year. It seems probable that if concerted action 
were taken by all estates in a badly affected district the fungus 
would, in a few years, be to a large extent stamped out and 
could be kept under control at a small expense. It is hoped that 
interest in sulphur dusting will be stimulated by a recovery in the 
price of rubber. 

The results of the most recent dusting operations in Java 
are not yet available, and it is possible that some of the statements 
I have made will need to be modified in the light of‘future 
experience. 
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DISCUSSION 

His Excellency the Governor said be felt sure that many members 
would like to ask questions or make observations on the subject. 

Mr. T. H. Holland desired to know whether the leaves were wet or 
otherwise during the application of sulphur. 

Mr. Murray said that dusting of sulphur was usually undertaken during 
dry weather, when the leaves were not wet except perhaps wdth dew in the 
early morning. He understood, according to work carried out in Java, that 
the sulphur was just as effective if dusted on wet leaves as on dry. 

Mr, Robert De Zoysa said that he was interested in the economic side 
of the question and wished to knoV whether the 12 lb. of sulphur per acre 
was irrespective of the number of trees treated. 

Mr. Murray said that it was not practicable to treat individual trees. 
The method employed was to throw up a cloud of dust which w'as carried 
some distance by the wind. 

Asked as to the duration of the effect of sulphur, he said that this 
was a point on which there was still no definite data. The treatment was 
carried out during a period of Oidium attack, roughly speaking once a year, 
and on the young leaf immediately after wintering the dusting being repeated 
at fortnightly intervals. Another way of answering th*e question might be 
to state that sulphur remained active as a fungicide on the leaf for about ten 
days after dusting. 

Mr, R. G. Coombe invited the lecturer’s attention to his remark regard¬ 
ing conditions in the mid-country, particularly Uva, and asked w^hetber 
Mr. Murray would recommend the application of sulphur on the old foliage 
as on trees which had just come back from wintering. 

Mr. Murray said that on matured leaves the fungus was found active 
in what was known as ‘^secondary attack,” but it was also in a passive 
state throughout the year, and whether a .fupgus could ”be killed in its 
passive state was not yet known, but he thought that ti^atment Would 
not be probably efitective at all. He therefore thought that it would noj be 
of much value to apply sulphur on trees before they had wintefed. This was 
a point for experimentation and indeed the Whole process Was in 
mental stage in Ceylon at present x ■ ^ x 
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Mr. Coombb then enquired as to the cost of the machinery. 

Mr. Murray replied that a machine cost 825 gilders in Java, which 
worked out at rather over Rs. 900 in Ceylon. 

Mr. GoRrK)N Pyper desired to know whether any danger was to be 
anticipated of infection of the soil through falling of the leaves attacked 
by CHdiuni. 

Mr. Murray thought not owing to the character of the fungus, but there 
was a possibility that fallen leaf might give rise to infection if the fungus 
had formed spores which were able to withstand desiccation. 

In reply to Mr, Pyper’s question as to whether there was a possibility 
of cover crops being affected, Mr. Murray said that there was no evidence 
at present that the fungus which attacked rubber leaves could also attack 
any of the cover crops. There was an Oidiur^t which had been found to 
attack Vigna, but that he did not know whether it was the same which 
attacked rubber or not, for although structurally the same they might be 
biologically different. 

Mr. Ragunathan asked whether there were figures of comparative yields 
of sprayed and unsprayed plots. 

Mr. Murray said that an experiment to determine the point w^as being 
carried in the Matale district and yields were being recorded from dusted 
and undusted fields. So far there were no results but he doubted whether 
there could be any increase of yield in treated areas for‘some time yet. 

Mr. R. Smerdon wished to be informed whether there was any hope 
of sulphur dusting being effective against phytophthora too. 

Mr. Murray thought not, because in the first place dusting against 
oidiunt was undertaken at a time of the year when phytophthora was not 
fw:iive. Sulphur again was not active against phyfopthora in the same way as 
against oidiutn. In further repH' to Mr. Smerdon he said oiditim would 
attack trees of any age. 

H. E. The Governor thanked Mr. Murray for his paper and he hoped 
that before long the rubber industry might be in a position to take advantage 
of the excellent work which was being done for the industry. 
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ROBUSTA COFFEES AND THEIR 
COMMERCIAL POSSIBILITIES 


T. H. HOLLAND. M.C., V.D., DIP. AGRIC. (WYe), 
MANAGER, EXPERIMENT STATION, PERADENIYA 


I N all agricultural countries, more particularly in the tropics, 
it is desirable that information should be accumulated 
about any crops that hold any hope of profitable cultivation 
in the event of a failure, or continued depression of prices, 
of the major agricultural products of the country. 

The tragic termination of the great coffee industry of Ceylon 
is now a matter of history. The coffee then grown was Coffea 
arabica or Arabian coffee, which, on account of its superior quality 
still constitutes the bulk of the world’s supply of commercial 
coffee. This coffee succumbed in Ceylon to a leaf disease, Henii- 
leia vastatrix, aided by the attacks of a scale insect known as the 
green bug. With the provision of adequate shade, and with 
modern knowledge in the control of plant pe.sts, it is possible that 
Arabian coffee could again be profitably cultivated in Ceylon. A 
few small plantations do in fact exist, but the leaf disease, though 
not necessarily severe, is always present, and large-scale planting 
of Arabian coffee could not be safely recommended. 

There are other types of coffee, however, which are far more 
resistant to the leaf disease. The Robusta types have now been 
established in Ceylon for a considerable number of years and these 
coffees are practically unaffected by the leaf disease. Un¬ 
fortunately, though the yield is good, the product is inferior in 
quality to Arabian coffee. Robusta coffees, however, have 
acquired a definite position in the world’s markets and it is 
believed that these coffees can be profitably cultivated in Ceylon 
at the present time. 

The home of the Robusta coffees is Central Africa, but they 
were introduced into Ceylon from Java where they have been 
extensively cultivated. There are a number of varieties which 
can be classed as belonging to the Robusta type. Six are re¬ 
presented at Peradeniya—Robusta, Quillou, Canephora, Uganda, 
and a Hybrid of Canephora of which the exact origin is not 
known. These varieties have been described in the Dutch East 
Indies, but the plots at Peradeniya do not exhibit the given 
characteristics of each with any degree of uniformity. Fortu¬ 
nately, however, here is comparatively little to choose between 
the varieties, either in general vigour, yielding powers, or in the 
jqUality of the product. 
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It is stated in Java that Canephora is more suitable for high 
elevations; this may be so in Ceylon but information is at present 
insufficient to give an opinion as to the suitability of any one 
variety to any particular elevation or district. 

Robusta coffees are being successfully grown in Ceylon on 
a variety of soils at elevations from sea level to 3,600 feet, and 
under a rainfall of 80 to 150 inches. 

The cultivation of coffee is in many respects very similar to 
that of tea. Berries from selected vigorous bushes should be 
rubbed in charcoal or ashes to remove the pulp and .sown, flat 
side downwards, in carefully prepared nursery beds; or the seed 
may be first germinated in a bed of moist sand or cattle manure. 
Light shade should be provided in the nursery and the surface soil 
should be kept loose and free from weeds. The use of supply 
baskets adds to the expense but saves loss in transplanting. 
A pound of fresh berries should produce enough plants to plant 
up about IJ acres 10 ft. by 10 ft. This is considered a suitable 
planting distance for the Robusta types on reasonably good soil 
and gives 435 bushes to the acre. There appears to be no 
general agreement as to the. best age at which to transplant coffee 
and plants can be moved at any age up to two years. 

The question of shade is of great importance and temporary 
shade has first to be provided, d'his can be most easily done 
by sowing, a season before the coffee is planted, rows of one of the 
taller leguminous bush plants alongside the coffee rows; or a ring 
of such plants may be sown round each hole. In default of this 
arrangement artificial shade of coconut leaves, bracken, wild 
cinnamon or any suitable material will have to be provided. 
Permanent shade of the right type and density is generally con¬ 
sidered to be essential and should be established at least one or 
two seasons before the coffee is planted. Many trees have been 
used in different countries—for low and medium elevations in 
Ceylon Leucaena glauca is considered very suitable. When the 
coffee is about a year old the removal of suckers must be started 
and this operation must be repeated at intervals of not less than 
a month throughout the life of the coffee. When the bushes are 
about six feet high they should be topped to four and half feet. 
An alternative plan is to top earlier at two feet, then when side 
branches have formed below this level, allow a sucker to grow up 
for another four feet or so and top this back to the desired height. 
Those who favour this process of building up the bush in two 
storeys claim that it results in a better development of side 
branches. Pruning proper is generally not necessary before the 
third or fourth year. 

As regards cultivation, there is a prejudice against forking 
coffee on account of disturbance of the shallow root system. 
Envelope-forking has, however, at Peradeniya, been attended by 
apparently beneficial results. 
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Most authorities favour a heavy mulch which, it is clpmed, 
will bring about the desired soil texture as effectively as cultivation 
would do. 

No large-scale manorial experiments on coffee have been 
carried out in Ceylon but experiments in Costa Rica indicated 
the necessity of a complete mixture to secure the highest yields. 
A notable point in these experiments was the adverse effect of 
heavy doses of nitrogen without potash, though when potash 
was added the same applications proved beneficial. It was also 
found that sulphate of ammonia was much more effective than 
nitrate of soda. Another point of interest was that the highest 
yield was obtained from the plot which analysis showed to be 
most acid thus indicating that coffee like tea is an acid tolerant 
crop. 

With regard to green manuring, when coffee is full grown 
there is but little room for the growing of bush leguminous plants 
between the rows, but in young clearings such plants as the 
Tephrosias and Crotalarias may be advantageously sown. 

Very little information 's available as regards the use of a 
ground cover crop in coffee but in young clearings on steep land 
there are strong arguments in favour of the use of such a cover. 
A non-climber should be chosen and Indigofera endecaphylla can 
be recommended. 

In Ceylon Robusta coffees usually bear a small crop in the 
third year while they should be in full bearing by the fifth year. 

The crop season is less sharply defined than for Arabica. 
The main season at Peradentya is between October and February 
but small quantities of ripe berries can be picked from one or 
other of the varieties in almost any month of the year. 

The Hybrid appears to have no fixed season and bears 
regularly throughout the year. 

The average yield of the different varieties of Robusta coffees 
at Peradeniya varies between five and seven pounds of fresh 
berries per bush per year. The yields are subject to remarkable 
seasonal fluctuations. The out-turn of parchment coffee from 
fresh berries is about twenty-two per cent, and it would appear 
that in Peradeniya conditions a yield of 4| to 5 cwt. per acre of 
parchment coffee could be expected. Larger yields than this are 
reported from Java. 

Tlie small grower who does not wish to invest in a pulper 
can produce a saleable product by merely drying the berr^s ih 
the sun. Robusta coffees were sold in this form for some y^rs 
at the Experiment Statiotn, Peradeniya, and fetched between 
and 30 cents per pound. 
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A higher priced prcwluct can be obtained by pounding the sun- 
dried coffee to remove the husk, but this is a somewhat laborious 
process. For larger areas it will be necessary to instal a pulper. 
The curing of coffee cannot be described in this short paper but 
details will be found in the Department of Agriculture’s Bulletin 
No. 87 entitled "The Cultivation and Commercial Possibilities of 
the Robusta types of Coffee.” Parchment coffee produced on 
the Experiment Station fetches locally from 40 to 43 cents per 
pound, while London valuations last year were from 80 to 85 
shillings per cwt. The London brokers reported that there was 
very little to choose between the different varieties but that there 
was usually a fairly free market for such coffees, which, being of 
poor and rather common liquor are chiefly used as low price 
coffee. 

In Bulletin 87 an attempt is made to estimate the probable 
profits that can be expected from the cultivation of Robusta 
coffees. The almost complete absence of reliable Ceylon figfures 
makes this rather a difficult task. The estimate deals with the 
cultivation of one acre of coffee by a small-holder and the capital 
charges for the first two years are estimated at Rs. 234-20 ex¬ 
clusive of the cost of purchase or lea.se of land. In the third year 
it is estimated that the proceeds of the sale of the first small crop 
could cover the upkeep charges. In the fourth and subsequent 
years the recurrent charges are estimated at Rs. 137 per acre. 
The average annual crop is estimated at 688 lb. of sun-dried 
coffee, which at 25 cts. per pound would realise Rs. 172-19, leav¬ 
ing a profit of Rs. 35-19 per acre. 

It is believed that in actual practice a small-holder would 
seldom incur the capital expenditure estimated while the crop 
estimate is conservative. Figures obtained from villagers by the 
Agricultural Instructor at Kegalle show a profit of Rs. 202-50 per 
acre, but the recurrent annual charges are put at only Rs. 15-00 
per acre and it is thought hardly possible to carry on the culti¬ 
vation at such a low figure. An estate in the Namunukula district 
gives the profit from 15 acres of Robusta coffee at Rs. 101-00 
per acre. These are widely-divergent figures but there seems 
little doubt that the Robusta coffee can be profitably cultivated 
over a considerable area in Ceylon. 

The steady demand for seed and plants shows that this is 
already realised by a fairly large section of the agricultural public, 
but it is thought that there is room for a considerable extension 
of the planting of this useful crop. 

DISCUSSION 

HiS ExCellbngv said that the subject, a matter of interest at all times, 
was never perhaps of more interest than at present when they were endeavour- 
ingf to discover profitable side lines which might help them when their major 
crops were in a state of depression. W would appear that at the moment all 
crt^ were in a state of depression and even coffee would not help them very 
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much. He, however, thought that it was unusual that economic conditions 
in the world should be what they were at present and depression should be so 
widespread and universal, and it was conceivable that at other times when 
one industry was depressed some other subsidiary industry should come to 
its rescue, and they should therefore not overlook the possibility of cultiva¬ 
ting subsidiary crops in times of difficulty. 

Mr. J. B. Coles enquired whether Mr. Holland could say if Robusta 
was attacked by scale insect, to which he thought the failure of the industry 
was due in the past rather than to leaf disease. 

Mr. Holland replied that he had mentioned that Robusta was subject 
to attack from this pest, also from leaf disease, but he had never seen any 
very serious infestation and the scales were nearly always parasitised. 

Mr. H. L. De Mel remarked that when Mr. Holland was away on 
leave he had brought up the question as to whether they should not revive 
coffee in the Island. He did so because he had experience in the product 
himself, having obtained some seed in 1917, out of which he had some 
splendid seed-bearers and now had 10 to 12 acres under coffee in the 
Kurunegala district. When he brought up the question of a revival Dr. 
Small expressed the opinion that it would be necessary to grow Robusta 
at an elevation of at least 2,500 feet. This however, was not his experience, 
for he found in the last 10 or 12 years that it could be grown at an elevation 
of even 500 feet. The difficulty was rainfall for when it was below 80 inches 
the berries were very small. In the last 7 or 8 years his yields were between 
300 and 350 lb. per acre, and he found no difficulty in selling all of this at 
the nearest Sunday Fair organised by himself. Mr. De Mel explained that 
his object was purely to give local inhabitants the privilege of buying home¬ 
grown coffee rather than put it on the Colombo market. The selling price 
was between 30 and 40 cents per lb. of pounded coffee, the parchment he 
reserved for his own use and that of his friends. 

From his experience he thought that those who had land of fairly good 
soil available could grow coffee profitably planted at 12 by 15 feetr with 
Gliricidia for shade. Recently hd had inter-cropped coffee with plantains 
and they were both doing very well. Cattle manure gave wonderful results. 
In the early days he knew very little about topping and had let the trees 
grow very tall, but a visitor from Java gave him the same advice as 
Mr. Holland and asked him to do topping in two storeys. There was no 
Hemileia vastatrix at all, and the scale was being controlled by parasites. 

His Excelt.encv asked w^hether experiments had been made in growing 
Robusta in altitudes higher than those mentioned by Mr. Holland. In Africa 
he had seen Robusta grown considerably higher than that and with consider¬ 
ably lower rainfall than 100 inches. 

Mr. Holland said that on the information he had the highest at which 
Robusta was grown was at Kandahena Estate, Namunukula, about 4,000 
feet. 

His Excellency : 1 have seen it grown at 5,000 feet. 

Mr. Holland : That will be Arabian coffee. 

His Excellency : No, Robusta. 

In reply to Mr. G. Robert de Zoysa, Mr* Holland said he did not 
think the coconut tree was the ideal shade for coffee. Further, the roots 
were very extensive and would act detrimentally on the coffee. 

Dr. Youngman : Could Mr. Holland give us the advantages and disad¬ 
vantages of high and low shade ? He added that in Central India coffee 
was grown at 4,000 feet under grevillea shade. 
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Mr. Holland , replied that as far as Ceylon was concerned there was 
no definite information on the point, but in South India grevillea was con¬ 
sidered suitable shade for coffee. He could not see the reason for it 
as the shape of the tree was not suited to the purpose, but he believed 
they were planted in belts and the direction of the sun was taken into 
consideration when they were planted. He thought that albizzia had been 
used in Ceylon for shading coffee. 

Mr. Coles : I have seen coffee yielding very well in the Nilgiris under 
albizzia. 

Mr, E. a. Pierjs enquired whether coffee could not be grown in con¬ 
junction with hill paddy with drumsticks for shade. 

Mr. Holland thought that Mr. De Mel’s system of interplanting with 
plantains was more practicable and profitable. Drumsticks might be used 
as shade, but it would be better to have the coffee and the hill paddy on 
separate allotments. 

Mr. W. I. PiERis asked whether Mr. Holland had exploited budding as 
distinct from grafting. 

Mr. Holland replied that at present neither method had been employed 
but that Dutch workers had found grafting more suitable. 

His Excellency warmly thanked Mr. Holland for his paper. 
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SOME PROBLEMS OF COCONUT RESEARCH 

SIR H. MARCUS FERNANDO. KT.. M.D.. B.SC. 

A fter many years of weary waiting the Government of 
Ceylon placed on the Statute Book last year, an ordi¬ 
nance which enables research in this important industry 
of the Island to be conducted on lines paralleTwith 
research in tea and rubber. Some delay has occurred in starting 
this work, delay which is inevitable in undertakings of this nature, 
but a beginning will now. be made as the Director and oife or two 
of his assistants have already been selected. In these circum¬ 
stances I have been invited to read a paper on coconut cultivation 
in this country with special reference to those problems which 
require speedy solution through applied research. The industry 
is passing through a time of depression, unparalled in its intensity, 
during the whole of the period in which it has established itself as 
a staple product of this country. The question then arising in the 
minds of all those concerned is, how research can help to tide over 
the present crisis. I do not mean to imply that the work of the 
Institute is to be confined to this, but this aspect of the question 
cannot be overlooked. In this paper I propose to concentrate on 
the problems that seem to me to require solution as soon as prac¬ 
ticable, and which have engaged my personal attention and inquiry 
for a good many years. 

The problems connected with coconut cultivation are so 
varied that they may be classified under several general heads, 
such as: 

(a) The Physiology and Biochemistry of the palm. 

(b) The Chemisjtry of copra, oil, and products derived there¬ 
from. 

(c) Soils and Manuring. 

(d) Insect Pests. 

There is a problem connected with the physiology of the 
plant which recently came into great prominence and seems to me 
one that requires the earnest attention of research workers. As 
a remedy for the depressed profits from coconut cultivation an 
editorial pronouncement in The Tropical AgticiMure has been 
made, that the poor yielding palms on an estate should be removed 
and the vacancies thus created should be supplied by yOung palms 
grown from selected seed nuts from heavy-bearing trees. The 
underlying idea for this procedure is that nuts from good mother 
trees are likely to breed true. Now this conclusion is hot only 
not supported by what we know of the physiology of fertilization 
in the coco-palms, but, I may add. that it is not corroboraOwl by 
the results of experience in planting selected soe^ nuts. 
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The inflorescence of the coco-palm is of the peculiar type by 
which self-pollination is prevented. Let me quote from 
Sampson’s work: 

“When an inflorescence has burst out from the spathe, the 
flowers do not all open at the same time. Flowering commences 
with the male flowers at the apex of the terminal branches of the 
inflorescence and gradually extends to those lower down, though 
always commencing at the apex of these. It takes some twelve 
to fifteen days for all the male flowers on an inflorescence to 
finish flowering, and as these fade they drop off. It is only after 
the male flowers have finished flowering and dropped that the 
female flowers commence to open. In this case also the flower¬ 
ing commences with those flowers on the terminal branches and 
gradually extends to those on the lower branches. It takes from 
twelve to fifteen days for all the female flowers on a normal in¬ 
florescence to finish flowering and it very rarely happens that the 
next inflorescence bursts from the spathe till the flowering on the 
previous one is over. Thus there is very little chance that the 
pollen from the male flowers of an inflorescence w'ill fertilize the 
female flowers of the same inflorescence, and there is also very 
little chance that the pollen from the male flowers of the following 
inflore.scence will fertilize the female flowers of the previous in¬ 
florescence on the same tree. From this it is clear that the fruit 
of the coconut is usually cross-fertilized, and this explains why 
it is that there is so much variation in the seedlings grown from 
nuts harvested from the same tree and even from the same bunch. 
The male parent of the seed nut and the male parent of the tree 
from which the seed nut has been gathered are unknown. This 
explains why there are so many so-called varieties of the coconut 
and why it is impossible to differentiate between them.” 

So much for the results of physiological research. Now I 
will proceed to place before you my experience from practice. In 
1894-95 I planted over one hundred acres of coconuts in the 
Weuda Hatpattu, at first with palms from selected seed nuts 
from the Colombo and the Negombo districts and later from 
seed nuts from a neighbouring garden. In the results as seen to¬ 
day no distinction appears either in yield or type of plant between 
the different groups planted from these different seed nuts. 

Again in 1897 to 1902 over five hundred acres of coconuts 
were planted in the Katugampola Hat Pattu about 10 miles from 
Madampe. The whole of this area was planted with seed nuts 
obtained from very carefully selected mother trees from an estate 
under my control at Mahawewa. Those of you who know the 
sandy loam soils of Marawila and Madampe, will appreciate the 
fact that the palms there are of a peculiar type physically. They 
show little vegetative growth when once they begin to bear, and 
they; havq drooping leaves and moderate-sized stems. Whereas 
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Katugampola palms show bigger stems, leaves are more hori¬ 
zontally placed, and their vegetative upgrowth is much more 
marked. Katugampola palms, say twenty years old, will show 
higher and bigger stems than Marawila trees twice that age. 
Now the peculiar result of the experiment is, that there is not a 
single palm area in the Katugampola Estate showing the characte¬ 
ristics of their parents. They have accommodated themselves to 
the environment but show no results of heredity. 

If then seed selection is to be given experimental trial it can 
only be conducted under the aegis of a research station. The 
inflorescence of selected mother trees should be protected against 
cross fertilization by artificial means, or they may be fdttilized 
from other selected mother trees. Such a research obviously 
cannot yield reliable results for many years, but nevertheless it 
is one that should be undertaken. There are still other methods 
available for the geneticist than the one referred to, but even 
here it is a matter of time, and prolonged experimentation will be 
needed to unravel such problems. 

In the department of biochemistry I should like to place 
before you some observations on the food value of the products 
of the coconut palm. These represent some estimates I made 
at a public lecture some years ago in dealing with the diets of 
Tamil estate labourers, as compared with the diet of the low- 
country Sinhalese and the standard diet of our jails and hospitals. 
The dietetic value of the coconut kernel is not generally included 
in the text-books dealing with coconut cultivation. Nor is this 
omission a matter of surprise,. It is only since the beginning of 
this century that the physiology of animal nutrition began to 
develop in a new orientation. Up to that period the foodstuffs 
of man and animal were classified under three categories, such 
as proteids, carbohydrates and hydrocarbons or fats, and their 
relative value was determined according to the amount of heat 
units or calories that they were found to yield. Weight for 
weight the fats are capable of yielding times as much heat 
energy as either proteids or carbohydrates; but proteids are indis¬ 
pensable for the building of tissues and for the growth and main¬ 
tenance of the animal body, working on this crude basis of nut¬ 
ritive value one pound of rice yields 1,590 heat units, whereas one 
pound of dry copra or desiccated nut will yield 2,980 heat units. 
But the problem is a more complex one. Thanks to the investi¬ 
gations of many distinguished biochemists since the beginning of 
this century, it has been clearly proved that life cannot be main¬ 
tained on a suitable mixture of the different classes of foodstuffs 
with mineral salts, unless certain hitherto unknown substances 
are also present in the diet. These substances are known as 
accessory food factors or vitamins. Several such factors have 
been described and more are forthcoming yearly. I do not 
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propose to refer to the vitamins in a detailed form here as such a 
course will lead me very far from my subject. 

Moreover recent investigations have indicated to us the 
necessity of maintaining the proper proportions of the different 
forms of foodstuffs in a physiologically balanced diet. The 
coconut kernel from a nutritive standpoint is exceptionally rich 
in fats. The mature fruit contains over sixty per cent, of fats 
and the rest consists of proteids and carbohydrates. Rice is 
woefully deficient in fats. Its fat content is less than one per 
cent, and this deficiency is a serious cause of ill-health and ineffi¬ 
ciency in a rice-eating people when not supplemented by a reason¬ 
able proportion of animal or vegetable fats. In the fresh kernel 
of the coconut we have a form of fat and nitrogenous food most 
appropriate to supply the deficiency of a rice diet. I'he low 
country Sinhale.se con.sume coconuts very largely and are thus 
enabled to maintain their health and efficiency. The consump¬ 
tion of nuts is so large amongst them that the ordinary jail diet 
contains half a nut a day. On the other hand Tamil labourers on 
up-country estates away from the coconut belt copsume very little 
coconuts with the result that they suffer seriously from those 
forms of ill-health now recognized to be due to fat shortage in 
the diet. Both laboratory experiments, and the experience of fat 
.shortage in Germany and Au.stria during and after the war, go 
far to prove that fat deficiency is responsible for a lower resistance 
to microbic infections, such as pneumonia, influenza, tuber¬ 
culosis, dysentery, etc., and certain forms of anaemia and debility. 
The Food Research Committee of the Royal Society in their 1919 
report make the definite pronouncement that for prolonged and 
efficient muscular work at least one-fourth of the heat units in a 
diet should be derived from fats. The high mortality from pneu¬ 
monia and influenza even in the healthy districts of the Ceylon 
uplands; the excessive infant mortality due to the lowered vita¬ 
lity of pregnant women, and their deficient lactation after child 
birth, all tend to show that this dietetic defect is the prime cause 
of these evils. 

The nutritive value of the kernels at various stages of matu¬ 
rity of nuts has not yet been definitely established by experiment 
and analysis. Here, to my mind, there exists a wide field for 
research. We have all along concentrated on copra and oil as 
the end products of palm cultivation. When these are a drag in 
the market it may be possible to utilize young nuts as feeding 
material for farm animals. The mature nut is too rich in fats and 
proteins for a well-balanced diet for growing animals, whereas at 
an earlier stage they may form a more suitable foodstuff. 

Before I leave this section of my subject I may refer briefly to 
the valuable bye-products of coconut palms in the form of palm 
sugar or jaggery, fermented toddy, and arrack. There is an 
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extensive field for research here. The present methods of pro¬ 
duction are exceedingly crude. In fresh fermented toddy, I may 
add, we have a form of food exceedingly rich in accessory food 
factors or vitamins. It contains yeast in a very active growing 
condition and is therefore exceedingly rich in many vitamins. 
Two cents worth of fresh toddy is worth a great deal more than 
the costly patent preparations of yeast so highly advertised in the 
press at present. 

The chemistry of copra and products derived therefrom have 
been the subject of both long range as well as applied research by 
technical chemists who work in universities and in the big manu¬ 
facturing works for many years. The progress made in the 
domain of the chemistry of fats and oils during the last thirty 
years has been phenomenal. It is the most potent cause in the 
depression of the copra and oil trade at the present time. Manu¬ 
facturers have discovered many substitutes for the few edible fats 
used in commerce thirty years ago. The alteration of the physical 
constitution of one form of fat to another and the refinement of 
fats for edible purposes are now a simple process. As far as the 
producer is concerned there still remains many details which 
are still obscure. In the preparation of copra and oil the 
methods pursued are still empirical. There are many points 
where more definite knowledge of the chemistry of the products 
may help the producer. In the Malayan Coconut Research pro¬ 
gramme 28 items are mentioned as arranged for investigation on 
the manufacture of copra alone. Most of them affect estate 
practice. Some of the results already achieved by analytical 
methods go far to antagonise the views commonly held by the 
producer as well as the buyer for export. For instance it has 
been shown in Malaya that badly dried native copra may contain 
a high oil content; two per cent, higher than the average for good 
quality estate copra. These are matters which need investigation 
in Ceylon for our products as well. Again the effect of humidity 
and rainfall of a district on the drying of copra has not been suffi¬ 
ciently appreciated nor investigated in this country. The effect 
of sulphur fumes in drying, or the application of hypochlorite, 
etc., before drying require trial. The use of these chemicals may 
enable estates in damp climates to prepare copra free from mould 
and from deterioration in transit. 

In dealing with soils and manuring many investigations have 
been made; nevertheless the results so far achieved are somewhat 
conflicting and not conclusive for sure guidance in e.state practice. 
Those of us who have gone to great expense ih the use of arti¬ 
ficial manures, do so by sheer empirical methods. Fn, most 
instances success is achieved but in what respects We are throwing' 
away money unnecessarily are points which requite immediate 
determination.' 
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The conservation of humus and soil moistures are found by 
experience to be matters of paramount importance in coconut cul¬ 
tivation. How far such factors may be antagonised, or improved 
by tillage of the soil, are still uncertain. Scientific experiments 
continued for a number of years under similar conditions carefully 
laid down and in several districts are necessary for the guidance 
of estate work. 

There has been a great awakening with respect to green 
manuring during the last ten years owing to the fact that with tea 
and rubber growing, clean weeding was the rule. The attempt 
to prevent soil erosion under such conditions brought the factor 
of green manuring to the forefront. Mr. Joachim, in his lengthy 
and interesting report on green manuring in coconut cultivation, 
is not quite correct when he states that coconut planters were even 
more behind hand in adopting green manuring as a routine of 
their practice, because, I will show later that green manuring in a 
modified form has been the practice in most coconut estates for 
generations. The recent wave of utilizing green manures has 
consisted chiefly of growing types of leguminous plants introduced 
from Java and elsewhere, and not so much in the utilization of 
indigenous species such as Crotalaria, Sunn-Hemp, etc. 

In dealing with the question so fully dealt with from one 
point of view by Mr. Joachirri, I think it the duty of those who 
have had experience in green manuring for some considerable 
time to place the results of their experience for discussion and 
comment. I have attempted to apply green manuring in several 
forms and under different conditions for good many years and 
shall state the results as briefly as possible. 

About thirty years ago, T noticed that Crotalaria incana was 
growing very vigorously near Maligawatte Estate in Mahawewa. 
I had the seeds broadcasted over the estate and it was an unquali¬ 
fied success. The object was to obtain as much nitrogen out of 
the green manure as possible and this was easily attained. The 
analysis of the dried cuttings gave a nitrogen content of 3^ per 
cent, and on that basis about 50 lb. of green stuff equalled 8 lb. 
of castor cake. With this vigorous growth of crotalaria, we 
were able to apply 50 lb. of green manure once every two years 
to each tree with phosphates and potash; and moreover we plough 
in the green stuff, including grass, etc., once every year. The 
results have been excellent. The yields have been greater 
than when we depended on organic nitrogenous manure with a 
great saving in cost. This system has been carried out 
all along apd is still in force. The Crotalaria regenerates 
itself after ploughing and has remained free from pests for over 
thirty years. 

/When Crotalaria was introduced into other districts where 
gravelly an4 sandy soils pre it was a failure. The growth 
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was slow and the plants died during the drought. There is one 
drawback. When Crotalaria is broadcasted and grows success¬ 
fully, the pasturage for cattle is reduced considerably. On 
estates under my care in the Kurunegala and Negombo districts 
the problem was a difficult one. Here my object was to obtain 
as much pasturage as possible and to combine coconut growing 
with animal husbandry. The usual practice in coconut estates 
is to allow pasturage to grow between the palms and even a 
cursory examination will show that the pasturage is not entirely 
grass, but contains the valuable nitrogen fixture Desmodium. So 
that green manuring was always practised in coconut plan¬ 
tations, and the idea of introducing green manuring to a coconut 
estate is like carrying coals to Newcastle. The grass and Des¬ 
modium can be ploughed in from time to time and even buried 
round the trees, but you will agree with me that it would be a 
foolish practice when such an excellent fodder is available why it 
should not be sent through the bodies of cattle. It is a well- 
known fact that 50 per cent, of nitrogen in the food of stall-fed 
cattle can be recovered from the farmyard manure, and that a 
greater proportion, about 75 per cent, of the nitrogen, will go into 
the soil when the animals graze and are tethered to the tree in a 
coconut plantation. 

The problem then is how to utilize this pasturage to its fullest 
extent. The process is a simple one. By applying phosphates 
and lime broadcast between the palms and ploughing in the 
pasturage, say once in two years, the humus content of the soil is 
increased amazingly and the pasturage increases in quantity as 
well as in quality. The Desmodium appears in greater abundance 
owing to the lime and phosphates, and the mineral contents of 
the fodder improves in those very elements they are found to be 
so lacking in Ceylon. 

Last year I sent two samples of the pasturage from two 
different estates, where this practice had been conducted for 
several years, to Peradeniya for analysis. Mr. Joachim was good 
enough to analyse and send me the results. The report showed 
that this pasturage, which was equal to the best type of pasturage 
in England, contained when dried, over 3 per cent, nitrogen. In 
fact as much nitrogen as can be obtained from a nitrogen fixing 
green manure such as is generally used in the present day estate 
practice. But now let me work out the amount of this pasturage 
yielded by an acre per annum. In this matter I can only place 
before you an estimate quite empirically obtained, although I 
have worked at this subject for many years. l am able to main¬ 
tain high-class bulls and cows and Jafferbady buiffalpes on this 
pasturage alone, at the rate of one head of cattle for every two 
acres. From stall-fed cattle of the same type, I find that each 
adpJt cow or bull requires on an average of at least | cwt. of 
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green pasturage daily. F'rom these data it can be shown that 
at least about 7 tons of pasturage are produced per acre 
per annum under closely grazed conditions. This result is by 
no means extravagant. It looks like an underestimate. But 
the results from a manurial point of view are startling. Even 
taking the low limit of only half of the nitrogen in the pasturage 
is returned to the soil when passed through the body of 
animals we get in 7 tons of pasturage an enormous quantity of 
very assimilable organic nitrogen. It is equal to 11 cwt. of castor 
cake or 212 cwt. of sulphate of ammonia per acre per annum. 
You will agree with me that if these figures are reliable we have 
in the practice I have described ,a process of manufacturing a 
quantity of cattle manure which can more than suffice the nitrogen 
requirements of the palms and considerably more than the 
amounts used in estate practice. The cash equivalent saved 
amounts to about Rs. 18-75 per acre when compared with the cost 
of sulphate of ammonia which to-day is the economical nitro¬ 
genous manure in the market. 

During the last few years a considerable arnount of attention 
has been paid to the manufacture of what is known as artificial 
farmyard manure. This is intended to replace the natural pro¬ 
duction in consequence of the greater use of tractors and 
machinery in farms in place of animal power. As you may be 
aware the Rothampstead Experiment Station has obtained 
interesting results with straw and other similar products. 
Amongst other vegetable refuse experimented upon pounded 
coconut husks have been utilized with success. 

On the suggestion of Mr. Joachim I carried out two experi¬ 
ments, one with coir dust and the other with decayed husks. The 
process is a simple one, but the experiments showed that the com¬ 
plete decomposition of husks require at least six months. It is 
not convenient to arrange for such a process to take place in pits 
on an estate and then transfer the finished product to the palms 
but a modification of the process to suit estate practice can easily 
be arranged. Instead of waiting for decomposition in a separate 
pit. we can apply the decomposed hu.sks or the coir dust to a 
trench round the palms with green leaves, and the other ingre¬ 
dients of the mixture in the ordinary course of manuring. The 
changes will take place in the trench quite as freely as in the pit. 
This is a method of utilizing husks with green leaves which I 
commend to the attention of coconut growers. 

As regards insect and other pests that affect palm cultivation, 
investigations have been made for several years by the staff at 
Peradeniya. Moreover plant pest inspectors under an expert 
have been at work for many years in all the Divisions of the 
Agricultural Department, The control of these pests is fairly 
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satisfactory. Considering how long the coconut industry has 
been established in Ceylon, it is a matter of satisfaction to note 
that damage from insects and other pests is comparatively small 
and is capable of control. 

I have intentionally reduced my remarks to a few matters 
only as I believe that there are many planters of experience 
present who are prepared to contribute to the discussion. 1 hope 
they will be able to extend the .scope of my survey and dwell on 
other points germane to the .subject. 

In conclusion, 1 will take advantage of this opportunity to 
further emphasize the important thesis I have put forth in my 
paper with reference to the green manuring of coconut palms. 
The scheme I have endeavoured to recommend is one by which 
in these days of depression the cultivation of the estate may be 
maintained at a high level and the palms kept in good heart by the 
smallest outlay in manuring that is possible, an outlay that may 
mean not more than ten rupees per year per acre; but in addition 
to this reduction in estate maintenance there is the subsidiary in¬ 
come to be obtained by the profits from cattle breeding. This is 
an ancillary industry which if conducted with skill and understand¬ 
ing can bring an added profit. I have only alluded to the breeding 
of cattle as a valuable help to coconut cultivation, but the method 
I have described need not be restricted to cattle breeding alone. 

If co-o{)erative creameries and marketing dejmts are estab¬ 
lished in centres of the coconut belt, dairy farming offer an allur¬ 
ing prospect of affording assistance to the main industry. The 
rearing of goats and sheep and even of pig breeding promise simi¬ 
lar results. The last item is one which is specially recommended 
in Copeland’s text-book. He states: “There are also in the 
tropics extensive industries in pigs and in goats .... There 
is no apparent reason why the tropics should not develop a busi¬ 
ness in pork, lard, etc., the importance of which will be in some 
proportion to the ease with which the feed of the hogs can be 
raised. I am satisfied that it is possible to rai.se hogs more 
cheaply in the tropics than in any temperate country and there¬ 
fore expect to see the day when such products as pork as articles 
of commerce shall rever.se their present direction of movement.” 
It is our common experience that even in the low-country of 
Ceylon excellent pigs of the best British breeds can be bred to 
perfection. At the pre.sent day, thanks to improvements in the 
science and art of refrigeration, not only the products mentioned 
by Copeland but even ham and bacon can be produced without 
difficulty in the tropics, so that what Copeland predicts for the 
Philippines, may become a practical proposition in Ceylon, is well 
within the bounds of probability. 
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DISCUSSION 

His Exc ellency the (jovekncr said they were all very grateful to Sir 
Marcus Fernando for his particularly interesting- paper which, he was sure, 
would stimulate a useful discussion. 

Mk. S. Kandiah, Acting Chemist, thought that one objection to Des- 
modium as a cover crop W'as that it completely covered the ground and 
choked an al ion of the soil. As regards the use of coconut husk as manure, 
the exp<*riments carried out locally showed that some lignin dissolving agent 
had to be added to it in order to bring about decomposition. 

Mr. Holland thought that Crotalaria anufryroidcs was more suitable 
than (\ incatui, betausc* it prodiued double the anuuint of green manure. 
As regards what Mr. Kandiah had said, he thought that what Sir Marcus 
had in mind was Dcsmodinni which could not her said to form 

a close ('over at all. 

Mr. C. N. K. |. I^e Mel asked whether the statement of Sir Marcus, 
that gn‘en manures had been grown in loconut for several years was quite 
atcurate. rhey knew that Desmodiums were found in coconut land, but 
this was more unintentional than otherwise, and whether gre(‘n manure 
was cultivated l)efore the last ten years he was not sure. Hf‘ himself 
had introciiK'ed ninleloa into the Xorth-VV’estern Provinct* b)ur \ears 

ago. 

Mr. C. a. M. De Silva agreed with tlie last speaker and desired to 
know what the expt*rien('e was with Hoga on his plantations in the Chilaw 
district. 

Mr. H. a. Peiris remarked that as regards pollination, invesiigations 
in Malaya rec'cntly showed that wliat usually happened was self-pollination 
and not cross-jiollinalion. In experimemts he liad condiuned himst'lf at 
I'rinidad he had confirmed this, and he thought it might be useful to ('any 
out tests in ('eylon too. 

Dr. Diamond : \\'ith rt^gard to the last speaker's remarks, there are 
types of ('oconut which do breed true, i.c., they are self-pollinated. 
Put the (ommon type of coconut in I'opra production is, as Sir Marcus said, 
a hybrid, and cross-pollinated. 

Mr. Malcolm Park supported the lecturer’s remarks rt^garding myco 
logv and diseases of ((H'onuts. it was their experienct' that well-cared-fo)- 
(' 0 ('onut estates and those run on modern methods (^1 cultivation had very 
Ihtle disease. lbid-F*ot was prevalent in certain damp situations and then 
there was a serious disease known as tapering whic h he ihouglU, was asso¬ 
ciated with hereditary characters. Certain palms were subject to an economic 
limit of age, with the result that after 20 or 30 years they diT'Iincd and 
developed tapering*. This was not a disease he thought, and probably it 
would he discovered, when the genetics of cxx'onut cultivation were gont“ 
into, that this was one of the symptoms of certain types ol ('oconut. 

Mr. C'. N, E. ]. Dk Mel enumerated the various pests of the (oconut 
and his remaks were supplemented by Dr. Hutson. 

Mr. Lord said he g-athered from the paper that the pasturing of cattle 
on coconut estates on grass actually added t(^ the amount of nitrogen, but 
he thought that if the cattle were pastured on grass there could be no 
addition of nitrogen, becouse the grass itself took the nitrogen from the 
soil and it went back to the soil through the body of the animal. On the 
other hand if green manures were grown instead of grass these w(')ukl 
definitely enrich the soil through their capacity for fixing atmospheric 
nitrogen. 

Mr. C. Ra(;unathan thought that although green manures might have 
been used in the past in coconuts, the cultivators did not know the correct 
methods of their use, 
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Mr. Pararajasixgiiam joined issue with the lecturer as to the value of 
plou^hinj^, sint'c the ('oconut tree was a surface feeder and the disturbance 
of the roots from lime to time was not beneficial. 'I'he burying’ of husks it 
was thought in c(*rlain parts would entourage I he breeding of the coconut 
beetle, but he got over the dilhculty by the addition of calcium t'ynamide. 

Mr. (k Pandittasekekk raised the question of the possibility of vermin 
and rodents infesting coconut land if there was an intensive cultivation 
of green manures. 

Dr. R. Norris said that as regards the question of cultivation he 
had some (‘xperience in asstH'iation with Mr. Sampson on the west coast 
of India and Malabar, wliere they had very light and sandy areas. There 
was no question of ( ultivation an-d till ttm years ago no green manures were 
grown, the land being left undisturbed in grass or remaining uncultivated. 
Mr. Sampson then strongly advocattM a light cultivation which just dis¬ 
turbed the soil a few im hes, whi('h conserved the moisture, and on these 
soils the elfei't was marvellous. A striking example was offered in the hot 
weather of the eifecl of this cultivation when ari'as that were not cultivated 
suffered visibly from the drought, whertxas those that had been looked, were 
particu 1 arly healthy. 

Mr. C. N. }'.. j. De Mei. asked whether it was not tho fact that green 
manures comp(*t(‘d with the roots of the coconut on sandy soils, so that at 
a time of drought there was insuffii'ient moisture in the soil for the palm 

Mr. C\ a, M. De Silva supported the suggestion made by tlie last 
speaker. 

Dr. Youngman said that in regard to the last statement, he would like 
to mention what he had heard from a chemist from Java, d'here the 
experience was similar in regard to oil palms and they were now experi¬ 
menting with treating their green manures with a chemii'al during a certain 
peri(Kl of the year and this killed off the top growth of the grt^en manure 
without however killing the roots of the plant, the whole effec't in those 
arid regions where the oil palm grew being to conserve the moisture. 

Alter further discussi(.)n, Sir Marcus h'ernando, in his reply, desired to 
correct some serious misunderstandings, dlie advantage of ('rotdluria ificinni 
was, though it was ploughed in once a year, it re-established itself. He was 
quite satisfied with it and was not going to experiment with any other. 

Roga could not be ploughed in, did not regenerat(‘ itself and was subjt^'t 

to disease. When he spoke of pastutage he meant not only grass hut 
grass with Desmodium. A member of the audience had suggest(*d that he 
was overdoing manuring. He, on the other hand, knew of an estate that 
had kept up a verv high state of manure applii'ation and tliis was giving 
the highest yield he knew of in Ceylon, while the trees did not show that 
they were suffering, d'hat yield was one ton of copra p(’r acre per annum. 

'I'he question of pollination was not one that he had had an opportunity 

of studying. He had simply quoted from Sampson’s work who was the 
authority that everybody looked up to and who at the moment was expert 
adviser to the Kew Gardens, Sampson’s observations had been made from 
very carefully made experiments. He agreed that there was certain types 
of coconut plants which were self-fertilised and of these the Maidive coconut 
was one. 

In conclusion, Sir Marcus Fernando repeated his advice regarding the 
importance of an ancillary industry during a time of depression. 
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REPLANTING AND REJUVENATION 
OF OLD RUBBER^^^ 

R. A. TAYLOR, B.SC., 


PHYSIOLOGICAL BOTANIST, 

RUBBER RESEARCH SCHEME (CEYLON) 

TT T Nl'IL very recently a crop of 500 lb. of rubber per acre 
I was looked on as very satisfactory even in the best 

B J rubber districts of Ceylon where probably the highest 

average yields detained in the East are still registered. 
The fact that even the first fruits of experiments in the raising of 
high-yielding strains have shown that this yield can with practical 
certainty be doul;)led if not trebled clearly j)roves that the rubber 
[)lantatif)n industry was started in a hurry with no thought to 
the quality of the material employed. Seeds were bought by the 
thousand because they were Para rubber seeds and the result is 
that we have large areas of mediocre trees. I here is little to 
wonder at when we see signs of uneasiness among owners and 
hear questions raised al)out the possibility of re|)!acing their poor 
trees with more productive varit^ties. 

With the present depression in the industry efforts have had 
to be made to reduce the costs of production to a minimum and 
in many cases estates are still working at a considerable loss. 
Whether the [iresent prices for rubber are likely to imi)ro\'e to 
any very great extent 1 am unable to say but it is unlikely that 
they will ever reach the phenomenal heights that they have 
attained on occasions in the [)ast. 'fhe only way in which costs 
of production can, iti most ('as('s, be reduc'ed still further is by 
obtaining an enhanced yield. This is practically im[)Ossible, 
economically, on older estates which arc yielding liOO to 400 lb. 
per acre and it is not difficult to forecast that such properties will 
be unable to keep their heads above water when the area under 
budded and selected rubber is increased so that it amounts to a 
significant proportion of the world's total. 

It wa)uld a[)f)ear that the higher-yielding estates, by dint of 
extra manuring and s})ecial effort to increase their yields to a 
maximum, will l)e able to carry on at a profit for some consider¬ 
able time but that neglect of agricultural wau'ks in time of 
depression may f)ut them in much the same category as the 
poorer estates. The latter in my opinion will be forced to re¬ 
plant or abandon, if not nowy at least within measurabk' time. 

. * Road by T. E. H. O’Brien, M.Sc.,, A.I.C., Chemist, Rubber Research Schema 
(Ceylon). 





Such properties would, I think, be well advised to experiment 
with replanting. There is no need to undertake extensive 
schemes at the outset, as in all probability still better planting 
material than at present available will be on the market shortly, 
but it seems wise to make a start now before reserve funds are 
still further depleted by trying to bolster up out-of-date 
properties. 

In view of the present excess of supply over demand the 
question as to what is to be done with this extra rubber is only 
natural. 1 am not competent to deal with this but it would 
appear that many new outlets would be exploited if producers 
could supply rubber profitably at a low figure. Roadmaking is 
a case in point. I feel sure that the difficulties attending the 
laying of rubber roadways would soon be surmounted if rubber 
could be obtained for a number of years at a price at which it 
could compete with other materials. This argument merely 
supports the statement that many estates will have to increase 
their production or close down. Dividends will be the perquisite 
of properties which can reduce their costs of production so that 
they can sell at a profit at prices approaching the present selling 
price of the commodity. 

THE TERMS “REJUVENATION” AND “REPLANTING” 

Attempts to improve the productivity of old rubber areas 
may be made in two ways. Either the land may be completely 
cleared and replanted, or a percentage of the best trees may be 
left and the vacancies created by the removal of the poor trees 
supplied with young high-yielding stock. The former is 
generally termed replanting and the latter rejuvenation. 

REJUVENATION 

Rejuvenation it is thought will be applicable only in special 
cases. The retention of even a small percentage of the best 
trees introduces an element of competition for light and ground 
space and the young supplies consequently suffer. As however 
the system is attractive in respect of the fact that the land is 
never completely out of production, a few comments may not be 
amiss. 

Young rubber raised from proved budded stock has yielded 
as much as 10 lb. a tree in its first year of tapping and there is 
no reason to suspect that this yield will not be augmented as 
years go on and the trees increasse in size. For this reason it 
will be uneconomical to leave permanently any tree yielding less 
than this amount. This is the lowest limit which should be 
considered and it will be preferable to leave no tree which does 
not reach “mother tree standard” that is, which does not yield at 
least five times the average yield of the trees in the field. 
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Considerations of shading must also be taken into account 
and not more than 10% of the previous stand should be allowed 
to remain. It is thought that if this maximum is exceeded dis¬ 
appointment will result. A greater stand will interfere with 
planting operations, with subsequent cultivation in the early 
years, and with the growth of the young plants. 

It may be possible or desirable in some cases temporarily to 
leave the best 25% of the old trees to help to cover the costs of 
replanting. Such a stand can be expected to give 50 to 60% of 
the previous yield at a cheaper rate of tapping, but it is estimated 
that two years will be the maximum length of time that this will 
prove satisfactory. The danger of damage to the young plants 
during the subsequent felling increases greatly after this. In 
such a scheme I consider it advisable to plant up the full stand of 
young rubber as far as possible at the beginning so as to avoid 
the necessity of extensive supplying when the old trees are 
removed. 

REPLANTING 

The concluding part of the last section really belongs to this 
as none of the original trees are eventually left. Wherever 
possible a clean sweep at once or at a very early date is con¬ 
sidered preferable. I'he young areas are given every chance to 
put on uniform growth. An uninterrupteil contour system can 
be laid down and generally the work is simplified. I'he retention 
of known mother trees is naturally desirable no matter whether 
a clean .sweep is being made or not. These are usually so few 
in number that they will interfere with none of the operations. 

OVERTAPPING PRIOR TO REMOVAL. 

The desirability of realising as much as jiossible of the 
capital invested in the old trees need not be stressed. Some 
form of heavy tapping should be employed but reliable data on 
suitable methods are scanty. One thing which recent experi¬ 
ment has shown, however, is that, if it is desired to keep up such 
tapping for a year, or two, the system must not be too drastic. 
Tapping to the wood is undesirable except probably during the 
three months immediately preceding removal. 

The following scheme has been tentatively suggested in an 
article in the April number of The Tropical Agriculturist, 1930: 

Open the normal cut on each side of the tree and tap both on 
alternate days to the normal depth and with normal standard of 
tapping. Such tapping should avoid the bottom 9 inches or foot 
of the panel so that this may be available for use the year before 
removal. Tapping of this description can probably be kept up 
several years if bark is available. 
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The year before removal both cuts should be put down to 
the base of the tree so that the lower end in each case is about 
9 inches above ground level. Tapping here is continued iii the 
same way except that during the final three months tapping may 
be carried out to the wood and subsidiary cuts put in wherever 
bark exists which can be profitably exploited. 

It is thought that the yield from the earlier year or years of 
heavy tapping may raise the normal production by 50% and the 
final year by 100 to 150%. These figures are merely estimates 
in the real sense of the word. 

Where rejuvenation is favoured the trees to be retained will 
naturally be tapped in the normal way, one half cut on alternate 
days, and in the early stages the same will hold good where a 
larger percentage is being left as a temporary means of revenue. 
Overtapping of these latter will later follow the same lines as 
suggested for the generality. 

Tables have been prepared showing estimates of expectation 
of crop during the period of replanting, including heavy tapping, 
and the earlier years of production of the young budgrafts. 
These can be inspected. 

TAPPERS’ TASKS DURING OVERTAPPING 

The size of tappers’ tasks will have to be reduced during 
overlapping and, to what extent, will have to be decided by trial 
and by a study of the economics of the situation. There are two 
factors here which are antagonistic: (a) if small tasks are given, 
say 110 trees, costs of tapping will probably be much as before; 
(b) with larger tasks, say 150 trees or more, the costs of tapping 
can be. made lower but the yield will be less owing to the later 
tapping of a large number of the trees. In the present state 
of the market it is possible that smaller yields at a lower cost will 
be more profitable. 

REMOVAL OF TREES 

There is no rea.son why, during the period of heavy tapping, 
any completely useless trees should not be removed. If required 
for firewood the timber can be kept fresh by cutting the roots on 
one side, pushing the tree over and leaving one of the large roots 
unsevered. The severed roots can be removed gradually. The 
extra space may benefit the remaining trees and at least the 
extra light will help in the establishment of a heavier ground 
cover. When the final clearing is undertaken the. trees will have 
to be removed fairly completely, root and alt. It is unnecessary 
to finecomb the ground for rootlets unless Fames is known to be 
presi^t but at least all large roots must be taken up. The cost 
of this work will vary with circumstances but it is thought that an 
average of Re. 1-50 a tree should be about the maximum spent. 
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It has been said that to do the job thoroughly would cost about 
Rs. 4-50 a tree, but is it likely that the extra Rs. 3-00 spent as a 
safeguard against the possibility of root disease in the future will 
be economic ? This amounts to Rs. 300-00 per acre and Fames 
or other outbreak will have to assume unheard-of proportions to 
necessitate the spending of this amount per acre on eradication 
during the ensuing decade. 

Regarding the method of removal there are no doubt many 
present who are better informed than I am hut it is })robable that 
elephants or monkey grubbers will prove economic. The final 
removal of roots will in either case have to he done by coolies. 

DISPOSAL OF TIMBER 

It may be possible in certain circumstances to sell a propor¬ 
tion of the timber as I'lrewood and, in fact, the possibility in 
specially favoured cases of selling the trees to a firewood con¬ 
tractor before they are felled should not be overlooked. 

It has been suggested that the timber could be converted 
into charcoal and stored in that form as fuel for suction gas 
engines. 

Apart from the above there is little to suggest but burning. 
When recour.se is had to burning, hiiwever, it should be localised 
so as not to dejilete the soil still further of organic matter. 
Burning over previously cut trenches or holes is recommended. 

The possibility of converting wood into synthetic farmyard 
manure has been suggesteil but as no information is available as 
to the fea.sibility of this methoil of disposal no suggestions can 
be made. Furthermore the cost is likely to be high. 

RENOVATION OF OLD SOILS 

The question has many times been asked whether the.se old 
washed-out soils can support a further crop. In their present 
state I do not think so, at least satisfactorily, but there is no 
reason why, with care, they should not be brought back to a 
satisfactory condition of fertility. It is common knowledge that 
our Ceylon soils and probably all trojiical plantation soils lack 
nitrogen and, even more so, organic matter. In the past many 
estates, as well as neglecting selection of the material to be 
planted, made no effort to employ careful planting methods. 
Stumps were put in with alavangoes and no precautions were 
taken to retain the original fertility of the soil. The resulting 
trees are smaller than they might have been and yields are lower 
in consequence. 

Nitrogen, phosphates and potash, the active constituents of 
manure mixtures, can be supplied to the soil fairly cheaply now¬ 
adays but it is expensive to purchase all the organic matter 
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required from the manure merchant. When the old rubber is 
removed every possible source of potential humus must be 
exploited. Trees felled just after they have put on their new 
head of foliage will supply two lots of leaf, one on the ground and 
the other which can be removed from the felled trees while it is 
still green and in a form in which it can readily be incorporated 
in the soil. Large quantities of plant material should not how¬ 
ever be dug in alone unless it is known to be fairly rich in nitrogen 
content. A nitrogenous manure such as calcium cyanamide or 
mixtures containing cyanamide should be added at the same 
time. The soil organisms which are responsible for the break¬ 
ing down of this material make use of quantities of nitrogen- 
containing compounds and if this amount is not added with the 
green matter it must be supplied by the soil. The quantity of 
nitrogen thus abstracted is locked up in the bodies of these 
organisms during their life and is not available for plant food, 
and this may even suggest in some cases that the addition of 
green matter is detrimental. Only on their death is the store 
released. It is however not desirable that the numbers of these 
beneficial bacteria should be allowed to decrease; an increase 
should be aimed at, since without their presence .soils become 
poor. They are found in their greatest numbers in soils which 
are said to be in good tilth. 

In jungle the soil, fauna, and flora are extensive and humus 
is plentiful. One finds earthworms and other creatures which 
are .almost completely absent from e.state soils. Humus consists 
very largely of broken down plant roots and other plant debris 
which has been carried underground by the agency of such 
animals as earthworms. Unfortunately a very large proportion 
of these beneficial organisms are destroyed when a clearing is 
fired and their increase should be studied later by bringing about 
the right conditions for their existence. Soils which are plenti¬ 
fully supplied with the right organisms require little cultivation, 
they open up the soil in a more efficient manner than the average 
forking Aeration is permitted and, as plant roots breathe a.s 
well as the above ground portions, growth of plants is 
encouraged. For their continued existence and multiplication a 
sufficiency of plant residues is essential and this is most economic¬ 
ally provided by growing, pruning, and burying large masses of 
green manure on the land. 

The terms green manure and cover crop are frequently 
considered synonymous. I prefer to apply cover crops to the 
creeping plants whose main function is to keep the soil in position, 
although in most cases they also have considerable green 
manurial value. These will be dealt with in the next section. 
By green manures are meant the tall growing plants which by 
their nature can stand several prunings per year and survive to 
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produce a large bulk of material for burying. Among these are 
the Tephrosias, Crotalarias, some Desmodiums, Sesbanias, 
Indigoferas, etc., and it is to my mind desirable on replanted land 
to have the areas between contours full of these so that they 
resemble miniature forests. Only in this way will it be possible 
to obtain the necessary weight of organic matter to bring back 
the soil to a reasonable fertility. 

While it is desirable to have the top foot of soil all over the 
plantation in a good state of tilth with sufficient humus I would 
advise, in the case of replanting, the localisation of burying of 
such material. 'I'he rubber is the main crop and burying in pits 
near the young plants is preferable to distributing the available 
material all over where most of it will be out of reach of the 
limited root system. When the trees get older burying will take 
place further away and gradually all the intervening ground may 
be brought to a satisfactory state. 

There is one way apart from soil considerations in which 
this burying of green material may benefit crops. As is well 
known the factors which govern the growth of plants are as 
follows: sufficient light, sulticient heat, .sufficient moisture, and a 
soil sufficiently rich m nitrogen, phosphates, etc. Another factor 
is of great importance and that is the amount of carbon 
dioxide in the air. All the carbon contained in the plants has 
been taken from the air by the leaves in the form of this gas. It is 
elaborated by the leaves to form starch, sugars, etc., which in 
turn are the raw materials with which the plant builds up new 
tissue, renews bark, rejilaces latex w ithdrawn, etc. Rubber itself 
contains little nitrogen, pho.sphates or potash; these manurial con¬ 
stituents act largely as tonics to the tree facilitating the building up 
of carbon containing compounds. Among the factors mentioned 
above, light, heat and moisture are usually present in excess in 
the tropics and the nutrient salts of the soil of well-kept estates 
are sufficient. I'he limit to further growth is in all probability 
tlrawn by the amount of carbon tlioxide in the air. Recent 
experiments in England have shown that an increase in carbon 
dioxide in the air results in increased growth in the plants studied. 
There seems little reason why a different result should be experi¬ 
enced with rubber. The decay of organic material in the soil is 
productive of much carbon dioxide. Actually in the soil this gas 
may have an effect similar to yeast in breadmaking, puffing it 
out to a certain extent and making it friable. Much of it how¬ 
ever escapes to the air and is available for further use. The 
more material buried therefore the more gas liberated and the 
reason for the luxuriant growth in jungles could probably be 
found in the same factor. 
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The burying of green manures has been dealt with at some 
length as I am firmly convinced that only by extensive use of 
this method will many of our older estates be able to grow another 
crop. A cover of vigna is not sufficient; material in large 
quantities will have to be buried. 

RE-OPENING OF THE LAND: PREVENTION 
OF EROSION. Etc. 

An opportunity such as this should be taken to do away 
with the old fields of varying size. The whole area should be 
divided up into uniformly sized blocks of as far as possible 
uniform shape. This is for convenience in future running. 
Manuring programmes, cultivation, etc., can be much more 
easily arranged and the land is divided up into blocks which 
would lend themselves to experiment should the occasion arise. 

On re-opening old land it will obviously be of little use to 
take a lot of trouble over re-making the soil unless suitable 
measures are adopted to prevent further loss. Much has been 
written on the prevention of erosion and I propose to refer only 
briefly to the various methods. There are two factors which 
probably contribute more than anything else to soil deterioration, 
wind and water, the latter usually being considered'the more 
important. The old square or rectangular system of planting 
with drains sloping at 1 in 40 did nothing to keep the soil in its 
place. Stone terraces held back the larger particles of sand and 
gravel but let through much of the finer particles and all the 
soluble part of the soil. 'I'he drains permitted of scouring and 
conducted a very large proportion of the water off the land. In 
the light of present knowledge the system has nothing to recom¬ 
mend it. Conservation of water in the soil is an important 
matter and for this reason as well as from an anti-erosion point 
of view surface run-off must be reduced or stopped completely. 

There are now various well-known ways of preventing loss 
of soil but 1 look on contour planting in some form as a first 
essential where rubber is concerned. 1 favour the trench system 
of contour planting advocated by Mr. Denham Till. Here 
contour trenches 3 ft. by 3 ft. are cut at intervals of 20 to 24 ft. 
Lining is similar to any other form of contouring and it is prefer¬ 
able to mark off the agreed intervals between the successive 
contours down the hill at its steepest part. Adjacent contours 
will then always diverge, never converge. It is considered 
easier to insert short lengths where the divergence is too great 
than to break and start at a lower level when they come too close, 
one is also assured of a number of continuous contours. 
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During the cutting all the better soil, top soil with cover 
crops, is thrown uphill. This is used later for refilling purposes. 
The subsoil excavated is thrown out on the lower side of the 
trench to form a bund. IMants put in at 12 ft. intervals along 
such contours will give a .stand of 120 to 150 trees per acre. In 
filling, portions of the trench only need be filled at the outset. 
Six ft. of trench should be filled for each plant, that is 3 ft. on 
either side of it. To prevent the refilled portion being washed 
down gradually into the intervening spaces the soil will have to 
be sloped so that actually a length of 8 or 9 feet will be filled at 
the bottom of the trench and gradually tailed off to 6 ft. at the 
top. 

The unfilled portions afford excellent pits for the cheap 
burying of green manures and act as effective water traps. The 
green matter buried is exactly in the right place for use by the 
plant and so is the store of moisture. 

The above .system has all the erosion-preventing properties 
of the perhaps better known contour platform system and 
besides there is no check to growth caused by the roots filling the 
prepared hole and so be(Y)ming “pot bound.’’ 

Contour platform planting is probably next best. It is 
efficient as a j)revention of erosion and it is less cosily, at least in 
the first year. It does not however do away with the necessity 
of digging holes for the plants or pits for burying purposes. 

It is thought that one or other of the.se methods is es.sential 
if success in replanting is to l)e obtained. The former method 
has to my mind many points to recommend it. The initial 
higher cost is balanced later by the extra cutting required in the 
other; the opening work except for burying of manure loppings 
is completed in one year. 

In the event of lack of funds preventing the employment of 
either method much may be done to prevent soil movement by 
alteration and extension of the old drainage system. Drains 
sloping at 1 in 40 or so are best neglected but others with a more 
gentle slope may be re-cut and supplied with blocks, spills and 
water traps as has been de.scribed in a paper presented at a 
previous conference. Even here planting should be done on the 
contour. Generous holes will be required. 

In all cases a thick growth of cover crops is essential but 
probably most essential where no terracing is done. 
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The wind factor in soil deterioration or this combined with 
sun must be counteracted. Winds, besides retarding growth of 
young plants, dry out the surface layer of soil and reduce bacterial 
activity. Great heat acts in the same way only probably in a 
more pronounced manner. Both can be controlled by shade, and 
ground covers of Gliricidias, Albizzias or some such small tree as 
Leucaena glauca will be es.sential in replanting schemes. Special 
wind belts may be necessary in certain ca.ses and it may pay to 
leave temporarily belts of the old rubber augmented by Gliri¬ 
cidias in rows at intervals across the field. Regarding ground 
covers there is a big selection but where V'igna (J^olichos hosci) 
is already growing this will probably prove best and most easily 
established. Others are' Calopogonium, Pueraria, and Cowpea 
which do not stand heavy shading and which must be regarded 
as temporary covers and Centrosema pubescens or Indigofera 
endecaphylla which if established in a clearing may persist 
rea.sonabIy well under older rubber. 

PLANTING MATERIAL 

All plants should be budded and only proved material should 
be u.sed. A selection of clones may be made from the following, 
which are probably the most fully tested clones at present avail¬ 
able: Tjirandji 1, 8, 16; AVRO.S. 49, 50, 71, 80, 152, 256; 
Bodjong Datar 2, 5, 10; Prang Besar 23, 25; SR 9; Cultuurtuin 
88; Djasingha 1. 

A budwood nursery conLiining the selected clones will have 
to be laid down at least 18 months before the first supply of bud- 
wood is required, and in such a nursery six budded stumps will 
be required for each acre to be budded. Establishment of bud- 
wood nurseries is di.scussed in a booklet entitled “The Budding 
of Rubber” issued by the Rubber Research Scheme. Arrange¬ 
ments will also have to be made about 2 years ahead for seed¬ 
lings for budding purposes. 300 seedlings should be allowed for 
each acre to be dealt with to allow of selection of the most 
vigorous. 

LAYOUT OF THE LAND 

About two years ago the advice given on planting material 
was to plant a mixture of budded plants and .selected seedlings. 
More recently estates have been advised to plant budded plants 
only but to mix the clones. This shows increase in faith in 
budding but I prefer to go on further and recommend, when 
proved material only is being used, that different clones be kept 
strictly separate. It is quite possible and indeed probable that 
to get the best out of certain clones special mild, or it may be 
heavy, tapping systems will have to be employed. Where clones 
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are separate each can be treated on its merits; any admixture 
renders this impossible. The mixing of clones has been recom¬ 
mended with a view to future thinning out of the poorer trees, 
but thinning out in the case of budded rubber consists of the 
complete removal of poor clones. Ts it not preferable, if such 
action is necessary, to have a j)iece of ground which can be re¬ 
planted rather than an area which will suffer permanently from 
a deficient stand of trees per acre ? By the time it has been 
discovered that a certain clone does not come up to expectation 
it will be impossible to replace it with better material in a mixed 
stand. Further if really proved material only is used little if any 
thinning out will be necessary. 

A plan of layout is suggested below which allows of clones 
being kept separate. If the land is divided up into 10 (or 20) 
acre fields a certain number of these can be allotted to each clone. 
In the diagram the fields are shown square but in actual practice 
the boundary fields will usually be irregular in outline. In such 
a scheme there would eventually be 10 fields or blocks of each 
clone all adjacent. 

Budding is best done in the nursery where suj)ervision is 
easy and therefore it will be most convenient to have the bud- 
wood nursery and seedling nursery in close proximity to each 
other. 

The planting out of budded plants and the subsequent 
attention necessary are described in the previously mentioned 
booklet on “Budding.” 

AREAS PLANTED UP WITH UNSELECTED MATERIAL 
DURING 1925 AND 1926 

I have been frequently asked whether young rubber 4 or 5 
years old grown from unselected seed could be budded satis¬ 
factorily or whether it should be cut out and replaced. I am 
definitely in favour of making an attempt to bud such plants. 
The number of successes will be fewer but the growth of the 
plants when successfully budded is so vigorous that to my mind 
the extra trouble is worth while. Plants budded at this age will 
reach tappable size one year at least before budded stumps put 
out at the same time. 

In such areas there will no doubt be plants which prove very 
difficult to bud; these will either have to be left or replaced with 
budded stumps. 
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In connection with the budding of such comparatively old 
plants there are one or two points which might be mentioned. 
‘Green’ bud wood has proved preferable to the more mature 
brown wood. Also the ‘snag’ left when the stocks are cut back 
requires more attention. This will have to be carefully cut back 
to the union of stock and scion as soon as the young budded 
shoot is 4 to 5 ft. high, in order to reduce as much as possible the 
“elephant foot.’’ The cuts heal over satisfactorily if protected 
by a waterproof coating of asphalt or tar. 

CONCLUSION 

Most points except actual costs have been touched on. A 
rough estimate, believed to be on the generous side has been 
drawn up and I propose to read this out item by item. Any 
information, which anyone present can give, will be welcomed as 
exact figures are not yet available. Discussion is invited and 
any questions raised will be answered as far as possible. 

TAPPING ARRANGEMENTS DURING HEAVY TAPPING 

It is assumed that an area is being re|)lanted on a ten year 
basis, one-tenth of the area being cleared each year. The unit 
of yield repre.sents the yield which would be obtained from that 
area under normal tapping conditions. 
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n = tapped normally. 

x=tapped both sides to normal depth. 

= final tapping. 

0=trees cut out. 
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EXPECTATION OF CROP UNDER HEAVY TAPPING 

SUGGESTED 

(previous Yield taken as 300 lb» per acre) 


Plot ... 

A 

B 

c 

0 

E 

1930 ... 

450 

300 

300 

300 

800 

1031 ... 

450 

450 

800 

300 

800 

1932 ... 

450 

450 

450 

800 

300 

1933 .. 

750 

450 

450 

450 

300 

1934 ... 


750 

450 

450 

450 

1935 ... 



750 

450 

450 

1936 .. 




750 

450 

1937 ... 





750 

1938 ... 






1939 ... 






1940 ... 






1941 

700 





1942 ... 

850 

700 




1943 ... 

1000 

850 

700 



1944 

1000 

1000 

850 

700 


1945 ... 

HK)0 

1000 

1000 

850 

700 

1946 ... 

1000 

1000 

1000 

1000 

850 

1947 ... 

1000 

1000 

1000 

1000 

1000 

1948 ... 

1000 

1000 

1000 

1000 

1000 

1949 ... 

1(K)() 

1000 

1000 

1000 

1000 

1950 ... 

1000 

1000 

1000 

1000 

1000 

1951 

1000 

1000 

1000 

1000 

1000 

1962 ... 

1000 

1000 

1000 

1000 

1000 


F 

G 

H 

1 

J 

Total 

300 

300 

300 

800 

300 

3150 

300 

300 

300 

300 

300 

3300 

800 

300 

800 

300 

300 

3450 

300 

800 

300 

300 

300 

8900 

300 

300 

300 

300 

300 

3600 

450 

300 

800 

300 

300 

3300 

450 

450 

300 

300 

300 

8000 

450 

450 

450 

300 

300 

2700 

750 

450 

450 

450 

300 

2400 


750 

450 

450 

450 

2100 



750 

450 

450 

1650 




750 

450 

1900 





750 

2300 

2550 39300 

3550 

4550 

700 





5550 

850 

700 




6550 

1000 

850 

700 



7550 

lOCKl 

1000 

850 

700 


8550 

1000 

1000 

lOOO 

850 

700 

9550 

1000 

10(K) 

lOOO 

1000 

850 

9850 

1000 

1000 

1000 

1000 

1000 

10000 105000* 


* for rlip same period wirhout replanting 69,000 lb. 

COSTS 

Complete removal of trees (inclu-ding- loppings of leafy 
twigs and stacking any firewood to be burnt 


(generous) 

Rs. L50 00 

Trench cutting, 30 chains Rs. 5/- (generous) 

,, 150 00 

r^illing and making of Adco 

,, 40*00 

Cover crops, seed and planting 

,, 15*00 

Planting 

,, 5*00 

Weeding Rs. 12/- for 3 years ... 

,, 36*00 

("■ 4 

,, 12*00 

Lopping green manures first year. 

,, 4*00 

,, ,, ,, subsequent years (n S.L 

,, 25*00 

Budding (fi? -/05 per plant (excluding cost of budwood) 

6*25 

Nurseries 

„ 20*00 

Seed @ -/Ol each 

,, 3*00 

Baskets (?) 

M 2*00 

Roads remaking 

„ 10*00 

Manuring 1st year 

,, 6*00 

,, 2nd ,, 

,, 1050 

,, 3rd ,, 

,, 1950 

>> 4th ,, 

„ 19*50 

,, 5th ,, 

„ 30*00 

6th „ 

„ 38*00 

Rs. 601-75 


A stump-removing wrench should be obtained and the cost 
distributed among the acres. This is included in the above. 

It is presumed that unless the whole of an estate is being 
replanted there will be no general charges set down against the 
area in question. 
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This means that assuming that each year's clearing extended to only one acre the total cost of bringing 
the whole 10 acres into bearing would be Rs. 6,017-50 distributed as above. As mentioned already this 
estimate is on the generous side. 
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TIME-TABLE 

The one-acre blocks are labelled ABC . * , ^ J 


Year 

Tapping 

both 

sides 

Final 

Tapping 

Cut 

out 

Bud- 

wood 

nursery 

Plant 

supply 

nursery 

Budding 

Plant 

out 

1930 ... 

A 



Plant 




1931 

AB 



Bud 

For A 



1932 ... 

ABC 



Bud 

B 



1933 ... 

BCD 

A 



„ c 

For A 


1934 . 

( I)E 

B 

A 


„ D 

„ B 

A 

1935 ... 

DKF 

C 

B 


„ E 

„ c 

B 

1936 ... 

EFG 

1) 

C 


„ F 

„ n 

C 

1937 ... 

FGH 

E 

D 


„ 0 

„ E 

D 

1938 ... 

GHI 

F 

E 


„ H 

„ F 

E 

1939 ... 

HiJ 

G 

F 


I 

„ G 

F 

1940 ... 

U 

H 

G 


J 

H 

G 

1941 

J 

1 

H 



„ I 

H 

1942 ... 


J 

1 


• 

M J 

1 

1943 



J 




J 


LAYOUT OF THE LAND 

Year Planted (JO-ycar programme) 


1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 


Tji 1 Tji 1 
1930, 

Tji 16 Tji 16 
1930. 

AV. 49 AV. 49 
1930. 

AV. 50 AV. 50 
1930. 

HU. 5 Bl). 5 
1930. 

BD. 10 Bl). 10 
1930. 
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ANIMAL DISBASB RBTURN FOR THE MONTH 
ENDED Slat OCTOBER, 1930 




No. of 



1 



Province, &c. 

Disease 

Cases up 
to Date 
since 
Jan. 1st 

Fresh 

Cases 

Reco¬ 

veries 

Deaths 

Bal¬ 

ance 

111 

No. 

Shot 



1930 







Rinderpest 

1151 

251 

202 

760 

31 

158 


Foot-and-mouth disease 

262 


252 

10 

... 

... 

Western 

Anthrax 

Piroplasmosis 



... 


• ss 

• ** 


Rabies (Dogs) 


... 


• •• 


• •• 


Rinderpest 

Foot-and-mouth disease 

447 


434 

1*2 


1 

Colombo 

Municipality 

Anthrax 

Haemorrhagic 

Septicaemia 

28 1 

6 

*4 


28 

6 

;** 

... 


Black Quarter 

2 

i.. 

... 

2 

... 

#*• 


Bovine Tuberculosis 

1 



1 

... 



Rabies (Dogs) 

U 


... 

... 


ii 

Cattle Quarantine 

Rinderpest 


i 

1 





Station 

Foot-and-mouth disease 
Anthrax 

652* 

52 


652 

... 

... 


Rinderpest 


... 



... 



Foot-and-mouth disease 

650 


648 

•2 

... 

... 

Central 

Anthrax 

1 


sss 

1 

... 



Piroplasmosis 

4 


1 

3 1 

... 

... 


Rabies (Dogs) 

12 

1 


10 1 


2 


Rinderpest 

295 

1 

66 

225 

4 

sss 

Southern 

Foot-and-mouth disease 
Anthrax 

269 


263 

1 6 

1 

#»« 


Rabies (Dogs) 

3 

2 

.... 

2 

... 

1 


Rinderpest 

4 

... 

3 

1 

... 



Foot-and-mouth disease 

2975 

... 

2905 


... 

... 

Northern 

Anthrax 

Black Quarter 

224 

... 

... 

224 




Rabies ( Dogs) * 

3 




... 


Eastern 

Rinderpest 





Sts 


Foot-and-mouth disease 

100 


98 

2 


*s« 


Anthrax 

... 







Rinderpest 



290 

4629 

34 

TsT' 


Foot-and-mouth disease 



135 


, , 

... 

North-Western 

Anthrax 

Pleura-Pneumonia 

HI 

H 

... 

... 

... 

... 


(in Goats) 

kH 



50 

... 

... 

North-Central 

Rinderpest 

763 


63 

594 

9 

97 

Foot-and-mouth disease 

1069 


1045 

24 

... 

• • • 


Anthrax 



... 


... 



Rinderpest 


H 

■HMII 


... 


Uva 

Foot-and-mouth disease 

72 


72 

HRH 

••• 


Anthrax 

Rabies (Dogs) 

3 

1 

m 

wM 

... 

3 



Rinderpest 

63 

mm 

. 7 

’'54. 

... 

2 


Foot-and-mouth disease 

1455 


1445 

10 

»*• 


Sabaragamuwa 

Anthrax 

Haemorrhagic 


H 

... 

... 


... 


Septicaemia 

65 

15 


65 

••• 

.«• 


Rabies (Dogs) 

141 

1 

... 

4 

... 

10 


* 1 case in a buffalo—Real sheep and goats, t 1 case—a calf. 


G. V. S. Office, 

Colombo. lOth November, 1930. Q. W. STUBGESS, 

Government Veterinary Surgeon, 
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METEOROLOGICAL REPORT 


OCTOBER, 1930 


Station 

Temperature 

1 Humidity 

Amount of 
Cloud 

Rainfall 

E 

C s 

g 

rt 

Dif¬ 

ference 

from 

Average 

Mean 

Mininnmi 

Dif¬ 

ference 

from 

Average 

Q 

Night (from 
Minimum) 

Amount 

® C “ 
.'Z ee 

iSp 

Difference 

from 

Average 


O 

6 

o 

0 

% 

% 


Inches 


inches 

Colombo 

844 

+ 01 

73'9 

- 0*6 

82 

93 

8‘8 

33*38 

26 

+ 

20*28 

Puttalam 

84 6 

-10 

740 

! - 0*7 

83 

95 

73 

13*68 

25 

+ 

4*94 

Mannar 

86-0 

-r2 

76'3 

1 - 0'6 

79 

91 

8*7 

16 24 

16 

+ 

8*57 

Jaffna 

[83 9 

-03 

75'4 

-2'2 

84 

93 

7*2 

19*89 

20 

+ 

10*60 

Trincomalee - 

856 

-18 

74'5 

+ 08 

79 

90 

6*8 

17 25 

23 

+ 

9*01 

Batticaloa 

856 

- 10 

74’4 

+ 01 

75 

93 

70 

13*25 

22 


6*81 

Hambantota - 

853 

-02 

74’4 

+ 0*1 

80 

93 

6 0 

2*63 

18 

— 

2 10 

Galle 

82‘2 

- 0‘5 

7-15 

-0 8 

86 

93 

70 

10*11 

21 

- 

2*90 

Ratnapura 

A^pura 

863 

+ 07 

72’4 

-07 

82 

95 

7'5 

28*05 

26 

+ 

9*45 

86-8 

- rs 

73 7 

+01 

78 

93 

8*7 

15*46 

22 

+ 

5*95 

Kurunegala - 

85‘7 

- rs 

72 7 

-01 

78 

95 

83 

30 89 

26 

! + 

15*46 

Kandy 

827 

+ 0-3 

68‘6 

+ 0*2 

78 

95 

77 

17*71 

26 

+ 

6*20 

Badulla 

81 ’! 

-1 5 

66*0 

+ 1*2 

80 

97 

6‘8 

16 92 

25 

+ 

7*37 

Diyatalawa - 

75 5 

+ 03 

606 

+ 0*4 

80 1 

91 

7*6 

15*87 

27 

+ 

600 

Hakgala 

N'Eliya 

68'5 

- rs 

56'5 

+ 13 

86 ! 

88 

63 

27 16 

28 

+ 

15*23 

67'0 

+ 0*3 

1 

52*5 

+ 1*5 

86 j 

1 

97 

8'5 

18*64 

27 


7*78 


Hie rainfall of October was above average at almost every station in 
the Island, the excess being most marked in the Ambegamuvva, Watawala, 
and Matale districts, and along the west coast from Colombo to Chilaw. 
Besides the above areas, totals for the month that were more than 15 inches 
above their average were common throughout the Kclani Valley and in 
the Northern Province. 

The excess was quite definite throughout, but was least marked in the 
E.P. and S.P., w^here one or two stations (though not the majority) were 
below average. 

During the first few days of the month there was heavy rain near the 
coast, and figures included over 10 inches at the Colombo stations on the 
3rd, on which day falls of over 5 inches were recorded at Chilaw, Maggona, 
Angoda and intermediate places. From the 5th to the 21st (and jjarticu- 
larly on the 14lh) rain occurred in the form of irregularly distributed 
thunderstorms, but on the morning of the 21st a depression was located 
with its centre north-east of the Island. 'Che depression moved westw^ard 
and crossed the Indian coast near Negapatam on the 24th, It caused 
heavy rain in Ceylon with consequent flooding, and though its worst efiorls 
were on the 21st to 23rd, it continued to give considerable rain up to the 
29th, after w^hich the last two days of the month w^ere practically clear. 
More than fifty stations recorded falls of at least 5 inches in a day during 
the passage of this depression, the highest figures being 10*3 at Oonoogal- 
oya, 10*2 at Point Pedro, and 10*1 at Chavakachcheri. 

One indirect result of the d’epression w^as that the accompanying 
squalls on the west coast were from the west or south-west. 

A. J. BAMFORD, * 
Superintendent, Observatory. 
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EDITORIAL 

AGRICULTURAL RESEARCH 
AND THE FARMER 

T WO booklets have recently been published that are of 
sijecial interest to the more educated agriculturists 
describing as they do the work of bringing to them and 
their less erudite, but perhaps none the less intelligent, 
brethren the information in the possession of Departments of 
Agriculture. 

One booklet is Miscellaneous Publication No. 88 of the 
United States Department of Agriculture de.scribing its own 
Growth, Structure, and Functions. The other is the Empire 
Marketing Board Publication No. 33 upon the Dis.semination of 
Research Results among Agricultural Producers. 

The first booklet is a plain but interesting .statement of facts 
from which much can be learnt of interest even for Ceylon. It 
opens with the statement: "Though nearly everyone knows that 
the Department exists primarily to advance the weljare oj agricul¬ 
ture in all ways consistent with the rvelfare of the community as a 
whole jew appreciate the variety of the tasks that this duty 
imposes." When we read this about the most hustling business 
nation of the world we are surprised that it does not differ more 
from Ceylon. In America '‘Research now dominates all the 
work of the Department, its service, regularity and educational 
activities as well as its scientific projects. Useful service must 
be grounded in scientific knowledge . Tl'e may distin¬ 

guish between research for more or le.ss well-defined practical 
objects, and fundamental research for the discovery of basic facts 
and principles. The first type may be undertaken to throw up a 
hurried defence against diseases and pests, to develop plant 
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varieties or strains of live-stock suited to particular conditions, or 
to find new tises for crop by-products, fundamental research is 
not directed toward any clearly defined practical goal. It explores 
physical or biological phenomena primarily to increase the sum of 
knowledge rather than to attain any specified tangible advantage. 
This does not mean that fundamental research is not practical. It 
is practical in the highest and most permanent sense. lime and 
again fundamental research has developed facts or principles of 
revolutionary practical importance." 

The American Department of Agriculture administers some 
fifty regulatory statutes controlling the quarantine of animals, 
the inspection of meat, the supervision of viruses, serums and 
toxins, the preparation of butter, the exclusion and control of 
pests, the importation of tea, milk, and many other things. We 
are glad that we in Ceylon have fewer controlling regulations to 
administer. Regulatory work is essential to eliminate or prevent 
social hazards, waste of resources, and economic abuses, and to 
prevent the introduction into a country or spread within it of 
di.seases and pests. Regulatory work in connection with agri¬ 
culture is very necessary but at the same time never very popular 
amongst those requiring regulation, and these facts add con¬ 
siderably to the difficulty of its administration. 

Sir Daniel Hall in his Introduction to the Empire Marketing 
Board Publication makes some remarks that may astonish many: 
‘Tt may almost be .said that an acquaintance with results of research 
proper is of no use to the farmer, who needs only to he supplied 

with some of the deductions and consequences . The results 

obtained by the Expeiiment Stations should, hovoever, reach the 
.staff of instructors who deal directly ivith the farmers, /is these 
instructors are scattered and busy men it is of importance to 
organise some means of keeping them in touch with developments 
of their subject." In a .special category we are told must be placed 
the general information about improved farming which the ordi¬ 
nary cultivator requires. ‘‘Research is not involved', the men in 
question, and they constitute the great majority of practical pro¬ 
ducers, failin that they are not utilising common knowledge sdentipc 
or practical.” When half the people in a country reap less than 
half the average yield of a crop and the other half reap more than 
twice the same average the problem is not so much “how to bring 
home the results of recent research but the common facts upon 
which their calling is based—practical, scientific, and economic.” 

This is in very large measure our problem in Ceylon. Tt is 
a duty that our agricultural instructors require to take seriously 
in hand, to simply help with many common practices and pro¬ 
cesses connected with husbandry. More instruction and less 
inspection is required. “The less intimate the personal contacts 
the less effective the education will be.” 
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FOURTH AGRICULTURAL CONFERENCE 
PERADENIYA— (Continued) 

SOME NOTES ON THE PADDY FLY IN 

CEYLON 


J. C. HUTSON, B.A., Ph.D., 


ENTOMOLOGIST. 

DEPARTMENT OF AGRICULTURE, CEYLON 


T hose of you who are interested in paddy cultivation will 
have rt'ad the re[>orts of the various Suh-Comniittees 
with much interest and you will doubtless have noticed 
that most of them allude to f)addy fly as being the most 
important insect pest of paildy in Ceylon. You may perhaps 
have wondered why it is that, no matter at w'hat time of the year 
paddy crops are maturing in any given district, paddy fly is 
usually present in sufficient numbers to cause appreciable damage 
to the maturing grain, except perhaps when there is a strong dry 
wind on the northern and eastern sides of the Island. 


I [)ropose therefore to indicate, as brieflv as f)ossible, some 
of the reasons for the general prevalence of paddy fly (I.cpia- 
cori.sa varicorms) throughout the year and for its importance as a 
pest and to touch on certain possible control measures, and in 
doing so I shall draw mainly on our previous know ledge of this 
|)est obtained from investigations carried out by Mr. (>. 1). 
Austin of the Entomological Division some nine years ago at 
Anuradhapura and given in Bulletin No. 59 of this Department. 
Brief allusions wdll also be made to the opinions expressed by 
Agricultural Officers f)f this Department in reply to a question¬ 
naire on j)addy fly sent out last year, and to the information about 
the pe.st given in the recent rejmrts of the Sub-Ciornmittees. 

With regard to the investigations, it was unfortunate that 
these could only be carried out for a period of about six months 
from December 1920 to June 1921 and that they had to be aban¬ 
doned just as they were reaching an interesting stage. There is 
still a lot more to be learnt about paddy fly and it is hoped that 
it will be possible to resume the work later, with special reference 
to the possibilities of controlling this pest by means of its natural 
enemies, as one or tw'o of the Sub-Committees have recommen¬ 
ded in their reports. 

The following are among the more important reasons for the 
general prevalence of paddy fly throughout the year in paddy 
districts, so far as our investigations have indicated at present: 



1. Both nymphs (young stages) and adults can feed on 
several species of common wild grasses and cultivated plants 
when paddy plants are not available. Among the wild grasses 
may be mentioned Pamcum colonum and Cypenis polystachyus, 
two of the favourites, and about 8 other species, while among 
cultivated plants are kurakkan (Eleusine Coracana) , Amu {Pas- 
palum scrobiculatum), tanahal (Setaria itatica) , green grani 
(Phaseolus Max) , cowpea ( Vigna catiang) , and species ot 
Crotalaria and Amamntus. Probably this list could be increased 
considerably by further investigation. Paddy fly is said to breed 
freely in jungle areas, and this requires confirmation. 

2. Both sexes can survive for several weeks on paddy and 
on at least one species of wild grass. During the investigations 
both sexes were kept alive for at least 14 weeks on paddy and 
Panicum colonum. Further experiments would probably indicate 
their ability to survive for long periods on other grasses and 
cultivated plants. 

3. Paddy fly can aestivate, or remain dormant, during hot 
dry periods, possibly with a minimum of food. Observations 
made at Anuradhapura indicated that during the hot dry months 
of February and May 1921 the bugs retired to areas of weedy 
growth or low jungle, especially where the ground was damp or 
swampy. Further observations on ae.stivation are needed. 
Incidentally it may be mentioned that bagging operations with 
hand nets indicated that paddy fly shows a marked preference for 
damp or water-logged areas during hot dry weather, as a refer¬ 
ence to Bulletin No. 59 page 7 will show. 

4. Female paddy flies, after becoming full-grown, can, if 
supplied with food, remain for [)eriods of from 2 to 10 weeks 
without laying their eggs, the normal pre-oviposition period being 
about 3 weeks. Field observations at Anuradhapura showed 
that, while the bugs were inactive during the hot dry months of 
February and May 1921, as .soon as rains came they began to 
feed actively, mate and lay eggs. This .seems to indicate that 
the females can withhold their eggs until conditions of food, and 
possibly of moisture and temperature, are favourable. 

5. Under favourable conditions paddy fly can breed rapidly 
on paddy and on at least one species of wild grass, namely, 
Panicum colonum. Life-history experiments at Anuradhapura 
indicated that Lepiocorisa can pass through a complete life-cycle 
from egg to adult in about 24 days in captivity and it is possible 
that under field conditions the life-cycle may be shorter, say 3 
weeks. Allowing 3 weeks to elapse until the first eggs are laid 
for the next generation we get a period of about 0 to 7 weeks from 
egg to egg. 
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6. The probable scarcity of any efficient natural enemies of 
paddy fly. 

During the course of the investigations at Anuradhapura an 
egg-parasite was found in small numbers while three species of 
predaceous bugs were frequently observed feeding on both 
nymphs and adults of Leptocorisa. The most important of these 
was Asopus malabaricus. No birds were ever observed to feed 
on paddy fly, which is probably distasteful to them. In this 
connection it may be mentioned that Mason and Lefroy in the 
course of a thorough investigation into the food of birds in India, 
during which the stomach contents of several hundred birds from 
over 100 different species were examined, found no instance in 
which Leptocorisa varicornis, our paddy fly, was taken by birds. 
It is doubtful whether any of the animals known to visit paddy 
fields would feed on pa<ldy fly, owing to the pungent odour 
which it gives f)fF when disturbed. As previously indicated 
consideral^le further investigation is needed on the natural 
enemies of paddy fly. 

The above observations will serve to emphasise that the 
importance of paddy fly as a pest lies mainly in its ability— 

(1) to survive unfavourable conditions when the food 
supply is low and when there is little or no paddy avail¬ 
able in any given area; 

(2) to keep back its eggs until conditions are favourable for 
breeding; and 

(3) to invade paddy areas in sufficient numbers and start 
breeding rapidly just at the time when its damage will 
be most serious, that is, during the maturing period of 
the crop, starting from the flowering stage. In this 
connection it may be of interest to note that, at the 
Experiment Station, Anuradhapura, during 1921, when 
paddies were maturing several times a year each 
maturing period (starting from the flowering stage) 
was accompanied by an invasion of paddy fly. 

Before passing on to brief notes on possible control 
measures, some allusion may be made here to the influence of 
climatic conditions on paddy fly, and to the incidence of this pest 
in relation to the varying conditions of paddy cultivation. 

INFLUENCE OF CLIMATIC CONDITIONS 

In a few of the reports of the Sub-Committees attention 
is drawn to the absence of the fly from the paddy areas 
during strong winds, especially the hot dry wind which 
blows during the .south-west monsoon on the northern and 
eastern sides of the Island. It is possible that at such times this 
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pest goes into aestivation, as was found to be the case at 
Anuradhapura during hot dry weather. Some of the Agricul¬ 
tural Officers have observed that paddy fly is disturbed by heavy 
rains and it is not unlikely that many of the nymphs are washed 
down and drowned in the fields. 

INCIDENCE OF PADDY FLY 

The replies to the questionnaire on paddy fly in relation to 
paddy cultivation indicate tliat cultivators are quite aware of the 
damage caused by paddy fly and that they seem to have realized 
from long experience that t?he severity of the attack can be 
lessened if they can manage to grow over a large area those, 
varieties of paddy which will flower and mature about the same 
time. The result of this svstem of cultivation seems to be that 
the paddy fly becomes more or less evenly distributed over the 
whole tract of paddy and the damage to the crop is comparatively 
slight. If the north-east rains are early or irrigation facilities are 
assured for that particular crop then long-aged paddies of 
approximately the same maturing age are usually sown over fairly 
large areas, but if the monsoon is late or an adequate supply of 
irrigation water is not available in good time then shorter-aged 
paddies are grown. In either case, provided that the paddies, 
whether short or long-aged, flower and m.iture together, and 
provided that a fairly large area is grown, the damage done to 
any one variety is slight. 

Several of the reports call attention to the fact that paddy 
fly damages a late crop or a crop sown at wrong seasons, and 
indicate that for various reasons, such as the irregularity of the 
monsoon, the lack of sufficient irrigation facilities, (i.c., supply 
of water, attention to drainage or the removal of flood water), 
the shortage of buffaloes, the counter-attractions of chenas or of 
estate work, the cultivators may not get their paddy sown at the 
right time. 

As a result of these uncertain conditions cultivators may 
grow at the last moment whatever paildies are available or they 
may leave large areas uncultivated. In any case the areas of 
paddy grown under such conditions are comparatively small and 
scattered and may be maturing at different times in the same 
locality, with the result that severe <lamage is usually done by 
paddy fly. One or two of the reports refer to the heavy attacks 
of tWs pest on small isolated areas of paddy surrounded by jungle, 
notably in the Trincomalee district and in the North-Centrai 
Province and suggest or imply that the heavy infestations may be 
due ;o the invasions of the pest from jungle areas where it is said 
to Weed. The above points are of much interest and require 
further investigation both from the agricultural and the ento¬ 
mological sides. • 
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CONTROL MEASURES 

The control measures recommended at various times for the 
control of Leptocorisa may be grouped conveniently under pre¬ 
ventive and remedial measures. 

Preventive measures are mainly the clearing of grasses and 
weeds from around paddy areas and in adjoining uncultivated 
areas before the maturing of the crop. 1'he object ot these 
measures is to deprive paddy fly of some of its main sources of 
food supply outside the paddy season and prevent it breeding in 
large numbers just before |>addy reaches its attractive stage. 
Incidentally the control of gra.sses will also keej) down other pests 
of paddy, such as the swarming caterpillar. If it is true that 
paddy fly and other insect [)ests of paddy breed in jungle areas 
then the above remedial measures are hardly likely to be effective 
for small areas of paddy grown near jungle, as for instance in the 
Trincomalee district and in the North-Centnil Province. 

Nowhere can it be .said that any serious attempt is made to 
keep down grasses and weeds. Ciattle are sometimes grazed in 
the padtly fields after harvest. 

Remedial measures reccimmended include the use of hand 
nets and of winnows smeared with some sticky substance to catch 
bugs already in the fields. Both of these appliances gave good 
results at Anuradhapura during the investigations. .So far as is 
known hand nets have not been u.sed since then except oc('asion- 
ally on p.addy stations or in demonstrations to cultivators. 
Sometimes in the Negombo district winnows on long jioles are 
smeared with jak juice and waved over the plants to catch the 
bugs. 

The cultivators in .some districts usually have their own 
methods by which they hope to control the pest or drive it away. 
Such measures include the u.se o£ sticky ropes to catch the “flies” 
or ropes sniearetl with fat or grease to keep them off. Bonfires 
are occasionally lit near paddy fields to attract and destroy the 
paddy fly, while smoky tires, .sometimes with .strong smelling 
substances, are said to act as repellents. 

The u.se of charms of various kinds seems to be universal in 
paddy districts. These include the reciting of incantations and 
the .sprinkling of powders over the fields. vSpecial men are 
employed on these occasions and being good opportunists and 
psychologists they doubtless arrange to synchronise their opera¬ 
tions as nearly as possible with the disappearance of the pest, 
whether it be paddy fly or .swarming caterpillar. It cannot be 
said, however, that any of the above methods u.sually employed 
by cultivators have any real effect in reducing the number.s of 
paddy fly. 
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The reports of the various Sub-Committees have emphasised 
the unsatisfactory conditions under which paddy is grown in most 
districts and until the conditions of paddy cultivation and the 
financial position of the cultivators themselves are improved, it 
cannot be expected that they will respond to any suggestions for 
organised control measures. 

Meanwhile, it seems to be essential that the paddy fly 
investigation should be taken u() again as early as possible, with 
special reference to the control of this pest by biological methods. 

If it is later shown to be possible to breed and distribute the 
natural enemies already known to be present in Ceylon or if 
Others can he imported from abroad, then it may be possible, 
with the help of organised campaigns, to prevent the pest breed¬ 
ing in such large numbers as to be one of the limiting factors of 
paddy cultivation in many districts. 
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SOME DISEASES OF PLANTAINS IN 

CEYLON 


MALCOLM PARK, A.R.C.S.. 


ACTING MYCOLOGIST. 
DEPARTMENT OF AGRICULTURE, CEYLON 


I T is proposed to review brietly some of the more important 
of the diseases known to affect plantains in Ceylon. Of 
the diseases to be considered the first is by far the most 
important economically ami will therefore be discussed in 
j^reater detail than the others. 


BUNCHY TOP DISEASE 

Hunchy top disease of plantains (Musa paradisiaca L.) is 
known in Fiji, Aicstralia, Egypt and Ceylon. It was first 
recorded in Fiji and it is possible that infected suckers were 
exported from thence to Australia, (Ceylon and Egypt. In 
Australia severe losses have been caused by the disease which 
almf)st wiped out the banana industry in many centres in north¬ 
eastern New .South Wales and south-eastern Queensland. 

In Ceylon the di.sea,se first made its appearance in the 
Colombo tlistrict in 1913. .Since then it has spread to the 
majority of the plantain-growing districts in the Island; during 
the earlier part of the last decade it proved a limiting factor to the 
growth of plantains on a commercial scale in the Central and 
Western Provinces. Recently there has been a revival of 
plantain growing in those districts in which the disease caused so 
much damage previously and it is urged that efforts be made to 
prevent a recurrence of the earlier losses. The di.sease has liot 
yet been recorded on plantains grown in the Tissa area. 

In addition to the plantain the disea.se also affects Manila 
hemp {Musa textilis) and probably occurs on other plants of the 
same family. 

SYMPTOMS 

The symptoms of “primary” infection, i.e., infection of 
suckers when .symptoms are displayed from the first emergence 
from the ground, are be.st known. The leaves of a badly- 
infected plant are bunched together at the apex of the plant to 
form a rosette. Owing to the failure of the leaf stalks to elongate, 
the leaves stand more erect than normal. Infected plants are 
markedly stunted, there being little growth in height once the 
plant is diseased. In Ceylon diseased suckers never mature and 



348 


never produce fruit. Such suckers usually receive infection from 
the mother plant before being removed from the parent stool and 
it is by means of such infected suckers that the disease is often 
spread from one locality to another. 

“Secondary” infection is the term given to infection which 
takes place on plants which have hitherto been healthy. The 
ultimate results of secondary infection are very similar to those 
described above but it is possible to distinguish the disease in the 
early stages and by prompt adoption of control measures to 
remove possible sources of infection of neighbouring healthy 
plants. The external symptoms of the disease appear in the 
leaves. The first definite symptom of the disease is the appear¬ 
ance of the youngest unfolded leaf of irregular, dark-green 
streaks about sVi inch wide along the secondary veins on the 
underside of the lower portion of the leaf-blade, along the leaf 
stalk or along the lower portion of the midrib. These streaks 
are more obvious in some varieties than in others, and apart from 
the streaking such leaves are normal in size, shape and behaviour. 
The leaf next to appear displays more marked symptoms. It 
begins to unroll from the top, giving the partly-unfurled leaf a 
funnel-shaped a[)pearance; it is slightly smaller than normal, 
displays more marked streaking and the margin of the leaf-blade 
is wavy and slightly rolled upwards. 

The presence of streaks is the most reliable anil definite first 
symptom of bunchy top disease. In order to see the streaks be.st 
the leaf should be inspected from the under-side so as to allow 
light to pass through it. The youngest leaf of a plant should be 
examined. 

CAUSE OF THE DISEASE 

It has been found that the sap of plants showing symptoms 
of bunchy top disease contains an active principle or “virus” 
which, when transmitted to healthy plants by the banana aphis 
{Pentalonia nigronervosa) , is capable of causing the disease. The 
aphis is a .small sucking insect which lives between the leaf- 
sheaths of plantains and which at certain stages of its life-history 
is capable of flying from one plant to another. The in.sect sucks 
the sap from a plant and if transferred from thence to another 
plant it introduces sap from the first into the second plant. It is 
in this manner that the “secondary” type of infection takes place, 
i.e., infection of a plant which has hitherto grown normally. The 
disease is systemic in nature and if one part of a stool becomes 
infected the disease will in time pass to the whole stool. It is 
therefore of importance that suckers from a stool containing 
p ants displaying symptoms of the disease should not be used as 
planting material. As far as we are aware, the disease is only 
transmitted from stool to stool through the agency of the insect 
as described above. e. / 
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Experiments carried out at Peradeniya have demonstrated 
clearly that bunchy top disease can occur in the absence of the 
root-destroying organisms which have in the past been staled to 
be contributory factors. 

TREATMENT 

The systemic nature of bunchy top disease and our imperfect 
knowk'dge of the nature of virus tliseases render impossible direct 
control measures against the virus. Again the aphis which has 
been shown to transmit the disease is difficult to control under 
field conditions; it lives in such positions on the plant that spray¬ 
ing is of little use. Of the large number of ayihids present in a 
well-cultivated garden it is unlikely that more than a very small 
proportion would be infective, i.c., very few would contain in 
their bodies the infective principle or virus, and apart from trans¬ 
mitting bunchy top disease the damage done by these insects is 
slight. 

The treatment of bunchy top disease must therefore consist 
in eradication of all diseased plants, d'he first essential for 
successful treatment is the recognition of the early stages of the 
di.sease. It has been stated above that the nature of the disease 
IS such that, if <iny one sucker of a stool is infectcs], the infective 
principle or virus may pass to all the other suckers or plants in 
that stool. It is most important, therefore, when a sucker is 
found to be infected, that the whole of the stool be destroyed. It 
is false economy to leave the remainder of the stool in the hope 
that a bunch or bunches will be produced. The risk of leaving 
infected plants is so great that complete eradication of the stool is 
the only safe method of treatment. 

I he disposal of dise.ased plants is best accomplished by 
cutting them U() into small pieces and allowing them to dry, after 
which they should be burned or buried as soon as possible. The 
most satisfactory method of cutting appears to be into thin longi¬ 
tudinal slices which would dry rapidly. 

d'he treatment of diseased plants may be summarised thus: 

1. Remove the whole .stool containing a plant or plants 
showing symptoms of disease; 

2. Cut up all plants of that stool into thin longitudinal 
slices and dry as rapidly as possible; 

3. Destroy by fire if possible or bury in deep holes. 

GENERAL 

Especial care should be exercised in the choice of planting 
material. Suckers for {rlanting should be taken from di.sease- 
free areas or at least from parent plants wTich show no sign of 
disease. The importance of using good healthy planting 
^material cannot be too strongly stressed. 
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ANTHRACNOSE OF IMMATURE FRUITS 

In wet weather plantain bunches are sometimes affected by 
a disease which makes its appearance soon after the fruit has 
set. The disease may be confined to one or two hands of the 
bunch or may affect the whole bunch. I have here some speci¬ 
mens, photographs and paintings of diseased fruits which will 
tloubtless be sufficient to enable those of you who are familiar 
with {)lantain-growing to recognise the disease. 

The disease is recorded from India, Porto Rico, and the 
Philippine Islands. In none of these countries has it proved to 
be very serious, although in India it was found to be sufficiently 
important to warrant experiments for control. In Porto Rico 
the disease is reported to have been more serious at high altitudes 
than in low-lying situations; such has not been our experience in 
Ceylon. The disease was first recorded in this country by Fetch 
in 1915 and, while its occurrence is not widespread, it has been 
reported on a number of occasions, particularly from the Kegalle 
district. The ash plantain has been found to be the most suscep¬ 
tible variety. 

'Phe appearance of the disease on young fruits is typical. 
Infection may begin at the flower end which becomes black, the 
disease spreading to involve the whole fruit which becomes black 
and shrivelled. Sometimes infection takes place from the stalk, 
infected fingers turning black progressively from the point of 
infection. It would appear that the latter type of infection, i.e., 
originating in the stalk, is the commoner in this country. The 
result is the same, the fruits being black and shrunken. The 
disease is confined to the fruits and to the fruit-stalk. 

The fungus causing the disease is known as Gloeosporium 
musarunt and the spore-masses or acervuli of the fungus can be 
seen on the small shrivelled fruits. The .spore-masses are at 
first moist and bright pink and onslrying become a dull light pink. 
Inoculation experiments have shown that the fungus is capable 
of causing the disease only after wounding the fruit and then 
only under damp conditions. The fungus is common on plan¬ 
tains and it would appear that special conditions are necessary 
before active infection can take place. 

In India the disease has been controlled satisfactorily by 
spraying. At the beginning of the wet season'developing fruits 
were sprayed with Burgundy mixture and the spraying was 
repeated once a month until the fruit was picked. In addition to 
spraying, other precautions were considered to be necessary for 
checking the disease. When all the "hands” were opened the 
fruit stalk was cut off as far as the last hand, in order not to leave 
any part of the fruit stalk on which the fungus might live sapro- 
phytically. * 
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The disease is not of sufficiently common occurrence in 
Ceylon to warrant general spraying. It may be found, however, 
that the disease occurs regularly in certain areas in which case 
spraying should be adopted. There appears to be no reason 
why Bordeaux mixture or a lime-sulphur spray should not be 
used with as great success as Burgundy mixture. General 
measures such as prevention of injury of young bunches and the 
removal and destruction of plant debris will tend to reduce the 
incidence of the disease. All diseased fruits should be removed 
and burned immediately they are seen. 

BACTERIAL DISEASE 

A disease of plantains has been reported on two or three 
occasions, which corresponds closely with the disease known in 
Trinidad as “Moko” disease. The disease has not as yet been 
fully worked out in Ceylon, chiefly on account of the difficulty in 
obtaining specimens in the early stages of the disease. T am 
mentioning it now in order that those of you who are interested 
in plantain cultivation may be able to recognise the disease and 
I trust that you will inform me if you find it. 

The presence of the disea.se is u.sually detected first in the 
older leaves. The leaf-blades droop a little more than usual and 
have a slightly yellowish tinge, .symptoms rather similar to tho.se 
caused by drought. 1 his is followed by a very typical collap.se 
of the leaf-stalk just at the ba.se of the leaf-blade. The leaf hangs 
down and is followed in quick succession by the other leaves 
which break down in a similar manner. Eventually the youngest 
leaf bends over and the plant dies and rots. On cutting acro.ss 
the pseudostem of an infected plant the vascular strands leading 
from the leaves are found to be dark brown and filled with bac¬ 
terial slime. The disea.se may pass from di.seaseil plants into 
younger suckers until the whole stool is affected. 

The di.sea.se in 'Trinidad was found to be caused by Bacillus 
musae. In Ceylon, a bacillus was isolated from disea.sed plants 
but this organism failed to reproduce the disease when it was 
inoculated into healthy plants. We are therefore not yet sure 
that the di.sea.se is the same as that in Trinidad. 

The disease is reported to be rapid in action and prompt 
measures are necessary to keep it in check. Affected stools must 
be dug up and destroyed at once and care exercised in the 
selection of suckers for planting. 

WILT DISEASE 

A disease has been reported on two occa.sif)n.s from the 
Southern Province which displays .symptoms very similar to those 
describeef for the Panama disease of bananas. Panama disea.se 
has for the last twenty years been widely prevalent on bananas 
in Central and South America and has had very serious economic 
effects. 
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Panama disease is caused by the fungus Fusarium cubense 
which enters the plants from the soil either by way of the roots or 
through wounds produced in the removal of suckers. The 
fungus enters the vascular system of the root stock and interferes 
with the water supply of the plants by causing a breakdown of the 
walls of the conducting vessels. The external symptoms are 
those which follow a stoppage of the water supply, i.c., they are 
the characters of wilting. I he leaves turn yellow and dry up 
in succession. Another sym[)rom is the splitting of the outer leaf- 
sheaths. The internal symptoms are more definite. A longi¬ 
tudinal section through the base of the pseudostem corm shows 
that the v.ascular bundles are discoloured and are yellow, orange 
or red in colour. 

The wilt disease in Ceylon has been found only in isolated 
instances and it is possible that it is not the. same as the Panama 
disease. On the other hand it may be that the disease is the same 
but that in this country the virulence is not so great as in Central 
America. There is a certain degree of immunity to the disease 
in some varieties of plantains. In anv case, it would be well if 
plantain growers were aware ol the possible jiresence of a 
dangerous disease and if suspected plants were reported 
immediately. 

DISCUSSION 

Mr. M. R. Jeharatnam spoke to Ihe effieai'v of the methods recom¬ 
mended by Mr. Park from his experience in HatticaJoa, where he said, in 
1924, an outbreak of buncliv lop was successfullv dealt with by those 
methods. 

t 

Mr. Cyrii. De Mki, pointed out that in the case of the small-holder it 
was difficult to adopt the methods recommended in the paper. WMiere a 
largfe landowner planted a lar^je acreage with plantains as a catch crop he 
probably took the precaution of petting his plants from areas where the 
disease had not broken out or which were free of the disease. In the case 
of the villager, who grew plantains as a money crop, as in the Matale and 
Rambukkana districts, the crop had been given up owing to bunchv top. 
Just as it was not practicable to use the hand net iti dealing with the paddy 
fly in paddy fields of thousands of acres, so in plantations of 80 to 100 
acres they could not expect diseased groups of trees to be cut and buried 
with lime as officers of the Department advised villagers to do. There was 
the cost of carrying out the advice to be considered. They did not get 
a sufficient response to their efforts and there were some who had even 
suggested legislation. In the Matale district the incidence of bunchy top 
was very heavy and in gardens over 20 per cent, of the affected plants 
were still standing. The growers knew what to do but would not do it. either 
because they were single-handed or had not the time, being engaged in 
other occupations. The industry was going out and whether much could 
be done he had his doubts. 

Dr. C. H. Gaod said that any method of treatment of any di.sease 
was dependent entirely on actual knowledge of its cause, and the Depart- 
ftjent in being able to demonstrate that bunchy top was actually a virus 
disease and was transmitted by the aphis, had' made a big step forward. 
It was suspected for some years that bunchy top was a virus disease but 
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suspicion was rather different from demonstration. Another* point Mr. Park 
had brought forward, which he considered important, was what he termed 
the secondary symptoms of bunchy top. He had been able to show that 
the plant was infected before it began to show the major symptoms of 
bunching. He did not know whether the Department had been able to 
show that the plant in that stage before it actually bunched and merely 
showed streaking of the leaves, was able to infect neighbouring plants 
through the medium of the aphis. If it was infectious, feeding on a plant 
which was not bunchy, showed that the symptoms would infect other 
plants. He thought the ability to distinguish whether that plant was 
di'seased was of importance, but he did not think the villager would under¬ 
stand it, if told about it; it would have to be demonstrated to him. This was 
a matter which could be taken to the villages by means of agricultural 
officers and pKant pest inspectors. 

It was rather disquieting to hear, Dr. (iadcl added, that the Panama 
disease or a disease similar to it existed in Ceylon. 'Phis was reputed 
to be one of the worst diseases of the plantain and, he thought, some 
attention should be given to it to determine whether it actually was Fusariuni 
cubense. It was quite possible our plantains were more or less immune 
from that disease, but it was possible also that the fungus was there and may 
acquire the ability to attack plants. 

Dr. (lADD endorsed the appeal of Mr. I’ark that growers of plantains 
sluaild bring to his notice diseases of this kind : it was quite impossible 
for th(i mycologist, <Ieep in rescan'h, to have knowledge of outbreaks in 
various parts of the country unless reported to him. Plantain growers could 
help themselves to a large extent by bringing outbreaks to the notice of 
officers responsible for their investigation. 

Mr. R. Smkrdon asked whether the aphis could be controlled by spray¬ 
ing as in the case of fruit trees and roses. 

Mr. Park said that the difficully of spraying was the conditions in 
whic'h it lived. It had been tried in Australia with fair but not full suc'cess. 

Mr. L. Loro asked whether it was necessary to dry the cut stern before 
burning or burying. It was much easier to get the cultivator to bury them 
than dry and then bury them. 

Mr. Park said he reci)mmended drying because any aphis present on 
lh(‘m would be automatically destroyed. In mere burying there was danger 
of the aphis coming up from the soil as was known to happean in other cases. 

Id a question by Mr. Smeroon, Mr. Park said that plants put in 
where infested stools had been removed would not be infected. 

Mr. ). C. Drieberg gave his experience at the Farm School, He said 
that suckers w^ere obtained from Jaffna, Trincomalee, and Ramhukkana. 
The two first were free of disease but the last was, diseased. He had the 
whole plant removed and rubbish burnt in the pit daily for a week. Healthy 
stools were planted in the same spot and there was no sign of disease at 
the end of two weeks, but the health of the budding plant was kept up with 
liberal applications of ash, which perhaps heli>ed it to withstand any disease, 
'fhe disease was completely eradicated and they had had no signs of it for 
the six years they had plantains. 
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TENANCY SYSTEM IN THE BATTICALOA 

DISTRICT 


C. RAGUNATHAN, DIP. AGRIC. CPOONA), 
ASSISTANT REGISTRAR OF CO-OPERATIVE SOCIETIES 


T he question of tenancy in this district is so antiquated 
that I feel it necessary to acquaint an audience like you 
with the system so that you may visualise the difficulties 
that confront the cultivators under modern conditions. 
One of the main factors that always influence a cultivator either 
for intensive or extensive cultivation is the facility afforded by 
the system of tenancy. 

There are as a rule three forms of tenancy existing in various 
parts of the world: namely, (1) for life, (2) for fixed periods, 
(3) at will. The first two forms are bound to encourage the 
cultivator to resort to improved and scientific methods of cultiva¬ 
tion as the benefit of his labours will not be shared by anybody 
else, while the third method induces the cultivator to take the 
most out of the soil, without replenishing the soil in turn with 
elements that are wanting, as he is uncertain of his tenancy. 
This last system has failed in all advanced countries and is 
gradually being replaced by one or the other of the first two 
systems. 

There are three systems in vogue in the Batticaloa District: 
(a) Muthoddu Mullaikaran, (b) Koottu System, (c) Cooly 
System. 

(a) Muthoddu Mullaik.aran .—This system is more in 
evidence in Munmari or Maha lands, and partly, in Pinmari or 
Yala lands. The second and third are in Kalapogam lands. In 
the first system 20 per cent of the land has to be cultivated for the 
landlord, 5 per cent for the head cultivator, and 10 per cent for 
the other cultivators. All expenses, from the time of ploughing 
to the time of threshing, have to be met out of the remaining 65 
per cent. If there is any balance, after meeting all these 
expenses, it is divided equally among the cultivators only. This, 
in theory, may be attractive to the cultivator, but in actual 
practice, unless there .is a bumper crop, the cultivator is always 
left indebted to the landlord as the latter makes all advances for 
expenses in kind and charges interest at 50 per cent. 

(b) Koottu System .—In the second .system the landlord 
not only gives land but also advances all expenses and paddy for 
the consumption of the cultivator and charges interest at 100 per 
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cent for the latter at harvest; but the cultivator is entitled to two 
marakals per amunam or 6| per cent on the gross yield. After 
deducting all expenses for cultivation and the due shares to the 
cultivators on gross return, the balance is divided equally 
between the landlord and the cultivator. This also may look 
attractive but in the end the position of the cultivator is not in 
any way better than it was under the first system. 

(c) Coaly System .—In the third system the cooly ofters to 
work an area of 4 acres for 15 bushels of paddy as cooly-hire on 
condition that the seed paddy, fence, and buffaloes are supplied 
by the landlord. In addition to this the cooly gets 12 bundles of 
.sheath at the time of threshing. This system, I am informed, 
is becoming more popular among the cultivators. 

From the above brief summary it is clear that all these three 
systems are not systems of permanent tenancy. In short, the 
tenants are all tenants at will. 

Apart from the disadvantages of the system of tenancy the 
landlords arc the financing agents for all expenses of cultivation 
and recover their advances at the rate of 50 to 100 per cent in 
kind at harvest. In other words tenancy and credit are so inter¬ 
woven in this district, more so, than in any I have known. 

An important point to be borne in mind in this connection is 
that the cultivator borrows when the price of paddy is high and 
repays when it is at its lowest. The source from which he 
borrows is the landlord. The recoveries of the value of the 
advances of the. landlord plus his interest are made in kind irres¬ 
pective of whether the loan is given in kind or money. Con¬ 
sequently, the tenant is gradually becoming more and more 
indebted, even under modern economic conditions, as the system 
of credit and tenancy, which w’ere suitable in the olden days when 
things were exchanged in kind, is being persisted in. 

The question naturally arises as to w'hat should be done to 
finance the.se cultivators at reasonable terms. 

The onlv salvation lies in a system of co-operative credit. I 
regret that this form of credit has not made much headway in this 
district for it lags behind many other districts where the condi¬ 
tions for co-operative credit are even not so ideal. Until the 
Batticaloa Muslims and Tamils reali.se that their salvation as 
agriculturists lies in the field of co-operation, it is my humble 
view that, it is useless to criticise the Irrigation and Agricultural 
Departments which are working again.st great odds. 

The existing tenancy system is out of place amongst the 
economic conditions of modern times. 
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LIVE-STOCK IN CEYLON 


M. CRAWFORD, M. R. C.V. S., 
ASSISTANT GOVERNMENT VETERINARY SURGEON 


A consideration of the Imports for the year 1929 would 
appear to indicate that there is room for considerable 
extension in the breeding- of live-stock in Ceylon. 

During that year Ceylon imported live animals 
and animal products for food purposes, to the value of 
Rs. 7,257,338. This figure is the value as given at the Customs 
and is in most cases very much lower than the figure at which 
these products are actually sold to the consumer. Our annual 
bill, therefore, is a considerable one. 

It is my purpose to-day to consider, very briefiy, the reasons 
why Ceylon is not self-supporting in respect of these products, 
and to indicate if possible means by which this drain on the 
country’s resources may be lessened. 

I propose to deal with each class of live-stock separately. 

SHEEP AND GOATS 

The Customs returns for 1929 show that goats to the number 
of 100,298 valued at Rs. 2,005,960, and live sheep to the number 
of 21,846 valued at Rs’. 436,960 were imported from India and 
Aden. The majority of these are slaughtered for food purposes 
at Colombo, the remainder being sent to outstation towns, 
chiefly Kandy, Nuwara Eliya, Ratnapura, Negombo, and Galle. 

It is an extraordinary situation that Ceylon has to obtain 
her supplies of such hardy and easily reared animals from places 
as far distant as Bangalore and Aden. The animals which are 
imported are not of very superior quality; indeed the bulk of them 
are little if at all superior to the local goat. Further they deterio¬ 
rate during the long and tedious journey to Colombo, so much 
so, that many of them arrive diseased and die shortly after arrival. 

In addition to the live animals. Frozen Mutton to the vahte 
of Rs. 235.683 and Tinned Mutton to the value of Rs. B,817 were 
imj)orted. That is a total bill for sheep and goats of nearly 
Rs. 3,000,000. 

There would appear to be no reason why the greater part 
of this large sum of money should., not remain in the country. 
Goats, and to a lesser extent sheep, are bred in parts of the Island 
such as the Jaffna Peninsula and Batticaloa District. Very little 
attention or care is bestowed on the animals by their owners. In 
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Jaffna they are kept chiefly because goat manure is of value foi 
the cultivation of tobacco, however, sufficient mutton to satisfy 
the local demand is produced in that area. 

Colombo alone consumes approximately 100,000 head of 
goats per annum almost all of which are imported from India. 
During a temporary cessation of importation last year Colombo 
had to depend on Ceylon bred animals. Considerable difficulty 
was experienced in obtaining sufficient numbers. It was noted 
however that while the carcases of the Ceylon goats were on the 
whole smaller than those of the Indian goats, yet they were, much 
freer from disease, and the mutton was of better quality. 

Goats, and more especially sheep, do not thrive on damp 
heavy soil. Breeding them in the wet zone is not therefore 
likely to prove .successful, but goat breeding would appear to be 
an industry admirably suited to the dry zone districts. 

Goats do not live on grass. They will eat grass but thrive 
best on the leaves of shrubs. Areas of scrub jungle on light 
sandy soil provide favourable conditions. Such areas are to be 
found in the dry zone and goat breeding should provide a very 
valuable adjunct to village agriculture in such areas. 

Obstacles to the development of such an industry are the 
following: 

1. Lack of marketing facilities .—The best market in the 
Island is Colombo. Unfortunately the Colombo butchers all 
appear to have business connections with the Indian importers, 
and as as result of the credit system are not free, even if they 
wished, to obtain their supplies from any other source. The 
Indian goats are landed in Colombo almo.st, one might say, on the 
butcher’s doorstcf), whereas to obtain Ceylon goals it would be 
necessary for the butcher to send his agents out into the villages 
to buy the animals, collect them together at .some point on the 
railway and despatch them to Colombo. To remedy this state of 
affairs a co-operative society would appear tf) offer the best 
solution. Such a .society could have its own mutton stalls in 
Colombo and in the larger outstation towns at which only Ceylon 
mutton would be sold. 

The .stalls would be supplied by regular consignments sent 
through the society by its members in such districts as for 
instance Mannar, Mullaittivu, or Jaffna. The society could also 
obtain and make available to members stud goats of improved 
type and popularize castration of the young male kids, an opera¬ 
tion which greatly improves the quality and quantity of the 
mutton, and which is seldom done in Ceylon. 

2. Losses from wild animals such as leopard and jackal. _ 

In jungle districts these levy toll on the flocks, but the losses can 
be reduced by herding the goats during the day and kraaling them 
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at night. The herding is work suitable for boys and kraaling at 
night-time enables the very valuable manure to be collected for 
use as fertiliser. 

3. Lack of good stock for breeding .—This could be 
remedied by .some of the wealthier landowners importing goats 
from India or elsewhere, breeding them under suitable conditions, 
and distributing the males for use in the villages. 

4. Diseases .—^The chief diseases from which goats suffer 
are pleuro-pneumonia, worm parasites, and anthrax. These 
three diseases are most prevalent when goats are overcrowded 
or kept on wet swampy land. They can be reduced to a minimum 
by avoiding overcrowding and wet land. 

I hope I have said sufficient about .sheep and goats to .show 
that there is a possibility of developing this branch of stock breed¬ 
ing in Ceylon, especially in the drier districts, with consequent 
benefit to the village population. 

Coconut planters might try the experiment of running a flock 
of sheep on their estates. 

A word must be said concerning the great value of goat 
milk as a food for infants and invalids. Cow milk is scarce and 
expensive throughout Ceylon. A goat can be kept under condi¬ 
tions which would make it impossible to keep a cow and the 
practice can be recommended to people who find difficulty in 
obtaining supplies of good cow milk at a reasonable price. 

POULTRY 

During 1929 Ceylon imported Frozen Poultry and Game to 
the value of Rs. 137,545; live poultry and game to the value of 
Rs. 316,351, and eggs to the number of over 15 million, valued at 
the Customs, at the very conservative figure of Rs. 502,301. 
That is, our bill for poultry and eggs reaches a total of 
Rs. 956,197, practically a million rupees. One has no hesitation 
in saying that it is possible to keep the whole of this sum of money 
in the country. 

Poultry thrive in Ceylon, indeed Ceylon is the home of one 
of the progenitors of all the breeds of domestic fowls. The eggs 
and live poultry Imported come largely from South India and a 
large proportion of the eggs are duck eggs. Surely South India 
is not more fortunate than Ceylon in respect of climatic and other 
conditions favourable for poultry breeding. As far as duck 
breeding is concerned one could not wish for more favourable 
conditions than are to be found throughout the wet zone. 

A variety of reasons appear to be responsible for the small 
numbers of poultry kept in Ceylon. 

In the first place the bulk of the Sinhalese population are 
not interested, on account of religious prejudices, against the 
taking of life. Apart from this, there is the lack of marketing 
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facilities. The best market is to be found in the towns, but the 
villager has no means of reaching this market except through the 
medium of itinerant dealers, and the prices obtained are not 
sufficient to stimulate interest. A further reason is the very 
small size of the eggs and the lack of ffesh on the chickens. Sub¬ 
sidiary reasons are losses from jackals, crows, snakes, hawks, 
and mongoose; losses from disease which on occasion may be 
heavy; and losses by theft. 

As regards measures for improving these conditions, very 
little development of this industry can be looked for among the 
strictly Buddhist population on account of religious prejudices 
and efforts should, therefore, be concentrated in the non- 
Buddhist sections. 

Improvement of marketing facilities and of the breed of 
poultry should give scope for co-operative societies. 

Local societies would act as centres for the collection of eggs 
and chickens and would forward them, by bus, for sale to larger 
central societies situated in Colombo and other towns. These 
central societies could have their own stalls for the sale of the 
produce. The local societies could also be used for the distri¬ 
bution of improved stock. 

Improvement of stock could best be obtained by crossing of 
the local breed with imported stock. It would not be advisable 
to encourage villagers to replace the indigenous breed with pure 
bred birds of imported stock nor indeed would it be practicable. 
Very marked improvement in size and number of eggs and in 
rapidity of growth of chickens can be obtained by crossing hens 
of the local breed with cockerels of improved breeds. 

In this connection a method which has been tried and proved 
a success in some of the African colonies such as Kenya and the 
Gold Coast would appear to have much to recommend it in 
Ceylon. 

Instead of distributing cockerels here and there throughout 
the country, a method which is bound to be slow in producing 
results as the influence of the improved breed is swamped by the 
great preponderance of the indigenous stock, attention has been 
concentrated on selected villages. The interests of the headmen 
and villagers having been aroused by visits and lectures an offer 
is made to them of cockerels of improved breed in exchange for 
their own cock birds, on condition that all, or at least a very large 
proportion of their own cock birds, are surrendered. Any of the 
improved cockerels which may die are replaced free. This work 
has generally been done through the Veterinary Department who 
maintain small poultry farms for the breeding of the cockerels 
and for the sale of settings of eggs at a very low figure. The 
cockerels surrendered by the villagers are sold on the market and 
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help to reduce the cost of production of the improved cockerels. 
Another advantage of this method is that indiscriminate crossing 
with a number of breeds is avoided. The issuing authority first 
decides on the breed to be used and obtains birds of the very best 
quality. Only one breed is kept and continued issues of the 
same breed results in uniformity and continued improvement 
among the village fowls. 

1 would recommend this method to the Ceylon Poultry Club. 
They would be performing a very useful service and furnish a 
very valuable demonstration if they select some village and supply 
the peo{)le with good cockerels in exchange for their present 
birds. Should the experiment prove a success neighbouring 
villages would become interested. A further advantage of this 
method is that after a few years of issuing good cockerels the 
type of fowl in the village would become improved to such an 
extent as to be suitable for distribution to neighbouring villages. 

As regards losses from disease there are certain points which 
mu.st be observed if these are to be reduced to a minimum. Avoid 
Overcrowding and land which has been used for breeding poultry 
for a number of years, that is, get the birds away from the 
immediate vicinity of the bungalow; avoid indiscriminate pur¬ 
chases of new stock from unknown sources, for example, the 
itinerant hawker; and prevent birds straying out.side your own 
premises. 

Losses from vermin such as crows, snakes, etc., are heaviest 
when the birds are young and can he reduced by confining the 
young chicks to runs (hiring the first few weeks of their life. 
Thefts of eggs can be avoided by the use of properly constructed 
and locked laying boxes. 

In the coconut districts there are thousands of acres of land 
suitable for poultry rearing. In these days when prices of 
coconut produce have fallen so badly planters might turn their 
attention to poultry as a side-line. I'o any planter who contem¬ 
plates the experiment I would give the following advice: 

1. Start in a small way and extend as experience is 
gained. 

2. Be sure vour stock is obtained from a reliable source. 

I*' 

3. Provide movable houses which can be securely 
locked to prevent theft of birds and eggs. 

4. Avoid the immediate vicinity of the estate bungalow 
—get the birds out on to clean land. 

5. Do not keep weakly or old birds. Very few hens 
over three years of age will pay for their keep. 

Owners of tracts of wet swampy land should try the experi¬ 
ment of keeping a flock of ducks or geese. Given wide range 
over such lands tShese birds will find the bulk of their food. 
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During the first 2 or 3 weeks of their lives they require protection 
from direct sunshine or from heavy rains. After that they are 
very hardy and suffer little from disease. 

There is always a demand for well-grown young turkeys at 
Christmas time. Turkeys require plenty of free range. They 
cannot thrive on contaminated soil. Attempts to keep too many 
or to confine them in small runs are sure to meet with failure. If 
turkeys are kept they should be kept separate from other poultry. 
It is not advisable to mix them. The adult turkey is responsible 
for .spreading gape-worms which may cau.se heavy loss in young 
chickens. 

One could say much more on the subject of poultry, but I am 
afraid time will not permit. 

I would urge on any person who has suitable land the advis¬ 
ability of keeping a good class of fowl. Even if only enough are 
kept to make the household independent of outside supplies 
something will have been done to reduce Ceylon’s bill for 
imported fowls and eggs; a bill of such dimensions as to constitute 
a reproach to the country. 

CATTLE 


The position in Ceylon at present may be stated shortly as 
follows: With the exception of frozen, tinned, and salted meat 
to the value of Rs. 357,858 the meat supply for the past 18 
months has been furnished by the local cattle and buffaloes. 
I'hat is, the bulk of the meat consumed is locally produced. The 
imported meat is more or less a luxury article and of a quality 
which it is quite unlikely could ever be produced in Ceylon. The 
local supply appears to be ample to meet the demand and prices 
are not high, unfortunately, it is of poor cjuality. 

Dairy produce is imported in large amounts, the figures for 
1929 are as follows; 


Frozen Butter ... 
Tinned Butter ... 
Ghee 

Preserved Milk 
.Skimmed Milk 
F'resh Frozen Milk 
Cheese 


Rs. 451,664 

,, 269,555 

,, 261,950 

,, 1,631,360 

,, 14,499 

,, 1,375 

,, 155,955 


Rs. 2,786,358 


We are therefore practically self-supporting in so far as meat is 
concerned, but import considerable quantities of dairy produce. 

The poor quality of our local cattle is frequently deplored, 
and from time to time suggestions are made for their improve¬ 
ment. The suggestions, most frequently made, are the issue of 
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stud bulls of improved types, and the provision of pasture lands. 
It is my opinion that no lasting improvement can be expected 
by distributing stud bulls of larger and better breeds. In the 
first place the cost would be prohibitive. We have a million 
head of cattle and half a million head of buffaloes in the country. 
If we take a quarter of these as cows of breeding age and allow 
one stud bull for every 40 cows it will be seen that 10,000 stud 
bulls would be required. A few hundred bulls scattered over the 
country can have no permanent effect on the breed. The intro¬ 
duced blood is swamped by the enormous preponderance of local 
blood. In the second place, the reason of the inferior quality 
of our cattle is, that for the conditions under which they are kept, 
they are the only type of cattle which can exist. So long as 
present conditions of cattle keeping in Ceylon remain as they are, 
then, so long will the local breed be the only breed suitable. It 
has become adapted by rtatural selection and survival of the 
fittest operating over a long period of time, nnd any attempt to 
replace it by a superior type without radical alteration in condi¬ 
tions is not likely to be a success. 

The average cattle owner keeps cattle primarily in order that 
he may have one or two bulls suitable for carting purposes. His 
cart bulls are the best specimens he owns and, when working, are 
carefully attended and generally get some artificial food, c.g., 
poonac and straw. The cows and young stock are unprofitable, 
the quantity of milk produced by the cows being so small as to 
make them scarcely worth the trouble of milking. The result is 
that the owner is not prepared to incur any expense in feeding or 
caring for them; he expects his cows and young stock to find their 
own living on such waste lands, roadsides, or fallow paddy fields 
as may be available in the neighbourhood. Under such condi¬ 
tions breeding is not controlled in any way by the owner. As I 
have said, the best bulls are used for carting, leaving the undeve¬ 
loped young bulls, bulls rejected for carting purposes as under¬ 
sized, and old bulls no longer fit for carting work to act as stud 
bulls. The inevitable consequence is that the herd increases in 
numbers and deteriorates in quality. As a rule no attempt is 
made to reduce the numbers by disposal of old animals, and 
undersized or otherwise unsuitable animals. The obvious 
avenue for disposal of such animals is by sale to the butcher, but 
for religious and sentimental reasons this avenue is availed of 
only with the greatest reluctance. 

In most districts cattle are not used to any great extent for 
cultivation of paddy land this being chiefly done by buffaloes. 
Apart from carting, the only u.se the cattle are put to is for manur¬ 
ing, as on cOconut estates. 

Buffaloes are used for cultivation of paddy lands and, in 
some parts, the cows are milked for the purpose of making curd. 
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Cultivation of paddy fields takes place only during a short 
period of the year, for the remainder of the year the buffaloes 
bring in no return to their owners and are neglected and turned 
loose to live and breed as best they may. 

The underlying reason for the poor quality of Ceylon cattle 
and buffaloes is therefore economic. 

The measures necessary for improving the cattle are fairly 
ea.sy to enumerate hut they will all cost money, and it is not so 
easy to .see how the villager is to get a return for money so 
expended. The prohibition of import of cattle from India has 
done something to stimulate a demand for cattle for slaughter 
purposes and to provide a remunerative outlet for sur|)lus stock. 
Unfortunately the consumption of me.it in C'eylon j>er head of 
population is not large and the number of cattle absorbed in this 
way is not very great. 

Improvement of the cattle would result if the following condi¬ 
tions which 1 have listed in order of their importance could he 
brought about: 

1. A decrease in the number by elimination of old, decrepit, 
undersized and otherwise unprofitable stock. 

2. The improvement of hands used for grazing by fencing 
and clearing of scrul) jungle. 

3. I'he growing and storing of fodder crops for use during 
periods of drought. 

4. Better feeding of young calves. I'his is imj)ortant. At 
present if a villager has a cow which is a better milker 
than the remainder of th<* herd h(* is likely to take practi¬ 
cally all of the milk for his own use leaving too little for 
the calf, with the result that the calves of the better milk¬ 
ing cows are starved and many die, while the calves of 
the {)oorer milker live. 

5. Early castration of all young bulls of inferior quality 
leaving only the most promising bulls for breeding. 

6. Reservation of the very best of these bulls for breeding 
instead of using them in the cart. 

I would emphasize that if any attempts are to be made to 
improve cattle by crossing with imported breeds then an essential 
preliminary is an increase in the food supply. The necessity of 
concentrating .such effort is also important. A small district 
should be selected and all the available stud bulls of the improved 
breed issued to this one district. If such a policy be combined 
with an intensive castration campaign there would be some pros¬ 
pect of general improvement of the cattle of the district. Such a 
district might ultimately become a source of supply of stud bulls 
for other more backward districts. 
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So far my remarks have been confined to cattle of the local 
breeds as kept by villagers—dairy cattle are kept under different 
circumstances. 

As the Customs figures show the demand for milk and milk 
products is not met by the local supply and large quantities are 
imported. 

Dairying on a commercial scale is not profitable if the local 
breed is used. The Ceylon dairies are therefore stocked with 
cattle of imported breeds either Scind cows from India or cows of 
various European breeds from England and Australia, or crosses 
between these types. 

High-yielding cows of European breeds are successfully 
bred in some of the up-country districts. They are largely owned 
by Tamil coolies on tea estates. They are seldom allowed to 
graze being kept in small sheds, and fed on Paspalum grass cut 
from the roadsides and ravines supplemented with gingelly 
poonac. Such cows find a ready sale in Colombo. The prices 
fetched varying between Rs. 300 and Rs. 450 according to the 
milk yield. Milk in such districts is plentiful and cheap. In 
Colombo and other towns it is scarce and very expensive. The 
reason it is scarce and dear is that no means have been developed 
for transf)orting milk over any considerable distance without 
deterioration. The towns therefore depend for their supply on 
dairies situated either actually in the towns or in the immediate 
vicinity. Milk from town dairies must inevitably be dear if the 
dairyman is to secure a profit as expenses are heavy. In the 
first place rents are high, all cows have to be purchased as there 
are no facilities for rearing young stock, all foodstuffs including 
even grass have to be purchased, labour is expensive, and losses 
are heavy as cows crowded together in small dairies are more 
liable to disease. 

As I have said high-yielding cows are bred on the estates at 
high elevations and, doubtless, many more would be bred if 
there was a profitable outlet for the milk produced. Such an 
outlet could be furnished by the establishment of creameries in 
these districts for collecting, pasteurising, and despatching milk to 
Colombo. The transport of milk over considerable distances, 
even in the Tropics, is practicable by the u.se of efficient pasteu¬ 
rising machinery and refrigerating vans on the railway. To my 
mind it is along these lines that Ceylon must look for an increased 
supply of milk at a reasonable cost. 

It may be asked why should not dairies be developed in the 
low-country in close proximity to Colombo so obviating the 
neces.sity of transport over long distances. Such dairies are in 
existence on a small scale but they labour under certain dis¬ 
advantages. In the first place, the supply of nutritious grass is 
difficult and, in the second place, on account of the prevalence of 
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ticks and ticks borne diseases such as piroplasmosis and anaplas- 
mosis, cows of the high-yielding European breeds are difficult to 
breed. 

For dairies situated in the low-country the most suitable 
breed would appear to be first crosses between Scind cows and a 
bull of such imported breeds of high milk yielding capabilities as 
the Ayrshire or Friesian. An essential for such dairies is a 
campaign against ticks. The most economical as well as the 
most effective method of combating these pests is by means of a 
dipping bath. 

There is one other feature of the Customs returns which is 
rather surprising in view of the general apathy concerning live¬ 
stock in Ceylon. I refer to the sum of Rs. 15,000.00^1 for 
imported artificial manure. I believe, I am correct in stating 
that farmyard manure is equal, if not superior, to any artificial 
manure so far as crops grown in Ceylon are concerned. 

An increase!.! tlevelopment of the live-stock industry would 
help to reduce this very large bill for imported manures. 

DISCUSSION 

Mr. H. L. De Mel expressed his gratitude to Mr. Crawford for the 
praclicnl suggeslions in his excellent paper. He felt sure that when some 
of his young friends established themselves as gentlemen farmers through¬ 
out the island, they would have more of those little farms w'hich would 
supply pasteurised milk and capons for the City’s consumption. He sug¬ 
gested tWht the Director of Agriculture might, quite apart from publishing 
the paper in Tfie Tropical. AgriculUmst, issue it in the form of a pamphlet 
to be distributed throughout the country. As regards the rearing of rattle 
and sheep on estates, this was already very largely done, for animal hus¬ 
bandry was an important adjunct to coconut cultivation. He appreciated 
the emphasis laid on the diffic ulty of improving village cattle, fie himself 
found that the best way towards surmounting* this was to do as he had 
done and dispose of some of his younger bulls from his cattle f«arm in 
Kurunc^gala to the villagers in the neighbourhood. In the matter of poultry 
farming a great deal was done by the Christian population along the 
Negombo-Chilaw road and it did one’s heart good to sec crates full of 
chickens carried on tops of motor-buses into Colombo, for disposal there. 
He would like, however, to see young men of tlie student type* taking to 
dairy farming. 'Fhe ideal would be for groups of these farmers to combine 
in co-operative* elldrl with a motor-van and one ca* two stud bulls common 
to the group. I'liis method of co-operative endeavour was practised very 
largely in (lermany and Denmark and proved very successful. 

Mitdaliy.ar N. WiCKREMAKATNE enquired whether the statistics men¬ 
tioned in the paper were a correct census of cattle in the Island, and if 
so, of the million head of cattle how many were employed for purely agri¬ 
cultural purposes. 

Mr. Crawford replied that no distinction had been made in the figures 
mentioned by him which he had listed as supplied in the headman's returns. 

Mr. Sturgess said that if figures for any particular district were wanted 
he would be glad to supply them, and in response to a request by Mudaliyar 
Wickremaratne gave the following figures for the Kurunegala district: Neat 
cattle, 202,850, of which 20,925 w^erc milch cows; buflfaloes 31,859 of which 
17,606 were milch cattle. 
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Mudaliyar Wickremaratne recalled that when rinderpest broke out 
in the south in 1910 thousands of head of buffaloes used for ploughing 
perished and the villagers were reduced to using neat cattle for ploughing, 
despite sentimental prejudices. He suggested that it might be useful if 
statistics were kept separately of agricultural, draught, and dairy cattle. 

Mr. Reginald Fernando stated that in the North-Western Province 
all the neat cattle reared were only used for breeding cart bulls and for 
grazing on the roadsides. 

Mr. H. a. Webb asked what steps were advisable to reduce the enor¬ 
mous numbers of inferior stock in the Island. 

Mr. R. C. Proctor remarked on the inhuman practice of tethering 
cattle to coconut palms in all weathers in the North-Western Province. The 
poor animals were sometimes strangled and he desired to know if statistics 
could not be obtained of the number of cattle used for this purpose so that 
the S.P.C.A, might take the matter up. 

Sir H. Marcus Fernando remarked that Mr. Crawford*s remarks were 
in conformity with the views he had stated the day before in connexion wath 
animal husbandry in coconut c:ultivation. They were very thankful to Mr. 
Crawford for his excellent paper, which covered a very wide area of ground. 
He would like to offer some remarks on the paper as he had some experience 
of the subject. In regard to sheep his little experience was very 
unfortunate. Through the office of Mr. Stockdale he had imported 
some sheep from Mauritius, but they died from pneumonia as soon 
as they reached his estate. With goats, on the other hand, he had 
considerable experience for a number of years. On the suggestion of his 
son, and through the Department of Agriculture he introcluced into the 
low-country, goats of the Jamnapuri breed from the Ll^nited Provinces of 
India. Unfontunately, the animals which in the first instance %v^ere not fit 
to be exported, arrived here in a very weak state of health. He placed 
them on an estate where there was plenty of food and grazing, but which 
was also very damp, with the result that he lost a number of the animals. 
He next introduced the goats into a drier area, but here his efforts were 
unsuccessful, because the goats suffered a great deal from eating the flowers 
of Tephrosia Candida, He now had a number of half-bred animals, which 
were better acclimatised to the district. On the whole, goat raising had 
not been a success possibly due to climatic conditions. He thought that they 
would do better on sandy soils, as was proved by the experience of Mr. W. 
M. Rajapakse of Goluwapokuna Estate, who raised the animals quite success¬ 
fully and had a good market for them in Negombo. 

He had no experience of poultry, but his observations led him to think 
that people would not take to poultry as a utility concern with confidence 
owing to the prevalence of poultry diseases. 

He felt that cattle breeding, both for transport and dairy purposes 
could be made quite successful on coconut estates, if due attention 
was paid to it, and if planters would not consider that the only 
purpose that cattle served on coconut estates was to provide manure 
Fhiere were great opportunities in the wet zone of raising a far superior 
breed of cattle than that which now existed. It required understanding 
and skill, which however, were easily acquired and he suggested that the 
work could be entrusted to conductors who had been given a training in 
dealing with cattle. Some one had remarked the day before that stall-fed 
cattle would never pay. To controvert this, there was the statement of 
Mr. Crawford that hundreds of kanganies on up-country estates practically 
raised all their cattle by stall-feeding. Unfortunately, the animals were 
given no exercise, with the result that they suffered in the low-country. They 
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were not at all hardy, could not stand the sun or walk any distance. They 
were also subject to tick fever which was a very serious disease among 
milch cows. When the animals were taken to the low-country young, 
though they sometimes developed a mild form of tick fever, they gradually 
became acclimatised for the rest of their lives. As regards rearing a high 
class of dairy cattle, the speaker said that he had attempted to cross Freisian 
imported stud bulls with Scind cows from up-country, the reason being 
that Indian cows which were a very poor breed when compared to the British 
breeds evolved for milk purposes, but if crossed with Ceylon ('attic of PVeisian 
descent produced a high class of milk animals. The Freisian breed was well 
fitted to tropical conditions. It had a sleek coat, and could stand the 
tropical sun well. The males were excellent for transport whether half-bred 
or imported. Since 1921, the speaker said, he had only dealt with Freisian 
stud bulls, and now had two generations. Many difficulties had to be en¬ 
countered, the chief of these being rinderpest. 

Mr. Crawford himself had trouble with the disease at the (iovci'rnment 
Dairy, but he hoped with the institution of the new quarantine station rinder¬ 
pest would disappear from Ceylon. With regard to red water and tick fever, 
if the animals were born in the low-country, there was no trouble at all. 
Speaking of pasturage, the speaker said that on coconut estates, there was 
room for improvement of the pasturage. With regard to his own estate, 
however two samples of pasture which he had sent to Mr. Joachim were 
found to be equal to the highest class of pasturage in Ceylon, and he believed 
that it wMs quite possible to maintain a high class of cattle on coc'onut estates 
w'ilh improved pasturage. 

Sir MarcI'S expressed his disappointment with ('ither members of the 
meeting who had cattle on their own estates and had not participated in the 
discussion and given them the benefit of their experience. It was no use 
saying they^kept cattle only for manure purposes. 'I'here seemed to be some 
misunderstanding about cattle in the Kurunegallc district, ih(‘ prevalent idea 
being that all the cattle bekmged to estates. He himself knew in the 
’nineties of 800 head of cattle being grazed around Arumpola estate, all of 
which belonged to villagers in the neighbourhood. There was another estate 
of 300 acres on which w’Cre grazed 350 buffaloes belonging to villagers. 



368 


A PLEA FOR PASTURES AND THEIR 
IMPROVEMENT 


EMIL J. LIVERA, B. SC. (LOND.) DIP. AGRIC. (WYE), 

DIVISIONAL AGRICULTURAL OFFICER, 
NORTH-WESTERN DIVISION 

I must at the outset apologise for disagreeing with the Hon. 
Sir H. Marcus Fernando’s view that the breeding of cattle 
by stall feeding is practicable and that this practice should 
be more generally adopted. In support of my view I quote 
Dr. J. B. Orr, Director of the Rowett Research Institute, Aber¬ 
deen. In an Empire Marketing Board Publication (No. 18, 
1929, p. 13, entitled “The Composition of Pa.stures’’) he says: 
“Modern improved breeds of cattle with a rapid rate of growth 
have been evolved in districts with improved cultivated pastures. 
The improvement of the breed and the pastures have gone hand in 
hand and are closely connected. But in developing animal 
husbandry in new countries, sires of improved breeds have been 
imported to ‘grade up’ native cattle without any ‘grafting up’ 
of the pastures. The common result has been that as the 
grading up’ process proceeds, mortality increases. The natural 
herbage which is able td support in health slower growing 
native cattle, which have evolved on this herbage, is too poor in 
constructive material to support more rapidly growing animals. 
1 he equilibrium between the grazing animal and the herbage is 
up.set, and the resulting mortality and .sterility are really part of 
a natural process tending to the elimination of a type whose rate 
of growth and of production is greater than the herbage can 
support. ’ If further evidence of the truth of Dr. Orr’s pro¬ 
nouncement is needed one has only to look through the history 
of the development of German agriculture: during the latter half 
of the last century. With the increase of population and its 
movement tbwards the large towns arable farming and stock 
raising were intensified and this meant an increase of nutritive 
substances for both plants and animals. This marked the begin- 
ning and rapid development of artificial fertilisers for plants and 
artificial nourishment by way of concentrated feeds very rich in 
protein and for the most part imported. At first all seemed well 
with this method but later when German agriculture passed 
through critical times, this type of feeding became too dear and 
rendered stock raising uneconomic and unremunerative. It was 
however, not till the outbreak of the great war that Germany 
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realised that for stock feeding the most practical, most natural, 
and most economic method consisted in intensifying the forage 
production on the grassland, the pastures, and in the rotation of 
crops. 

1 must, nevertheless, admit that even where a high level of 
forage production has been reached, a considerable use of con¬ 
centrated foods will still be lucrative, because maximum yields can 
only be obtained by this means combined with the use of good 
forage. Have w'e in Ceylon come to that stage of stock develop¬ 
ment and pasture improvement when we have to call in the aid of 
expensive concentrates, like gingelly, cotton, or coconut poonac 
which are naturally lacking in mineral matter and which have in 
the process of their manufacture lost their vitamins.? Should we 
not get into stride with other parts of the Empire and the rest of 
the agricultural world and devote more attention to pastures which 
Mr. Amery, the late Secretary of State for the Colonies, in the 
preface to “A record of concerted endeavour to foster the better 
exploitation of the Empire’s Grasslands” says is a subject pre¬ 
eminently worthy of intensive research on an Empire basis. 

Before coming to the question of the improvement of 
pastures let us convince ourselves that pastures are the most 
natural, most practical, and most economic raw material for 
the formation of milk, meat, mutton, hide and other products of 
live-stock. In Ceylon, except with capitalist breeders, it is the 
only raw material because the poor villager cannot afford anything 
else. It is universally admitted that good pasture is the best 
feeding stuff for herbivora. The reason is apparent when we 
compare the composition of good pasture with that of other food¬ 


stuffs. 


The following table (from the Empire Marketing Board’s 
Publication 18, p. 8.) shows the fairly close correspondence in the 
mineral and protein content of good pasture to those in cow milk: 



CaO 

P 2 O 5 

NaaO 

K 2 O 

Cl 

Protein 

Cow’s milk 

2*38 

3*43 

0-81 

3-21 

14 

52 00 

Good pasture 

3*64 

2 75 

0-94 

11-54 

3-5 

65 00 

Maize 

003 

1-83 

013 

1*36 

0-001 

29 00 

Decorticated 
cotton cake 

122 

11-26 

0 24 

8-05 

0 11 

164 -50 


The resemblance shown in this table is undoubtedly a very 
important factor in determining the high nutritive value of good 
pasture not merely in promoting growth but chiefly in maintaining 
health in stock. What better evidence of the practicability of 
pastures for the production of meat is needed than the fattening 
qualities of the pastures of the Tamankaduwa area of the 
Anuradhapura district? Its cheapness is also sufficiently obvious. 



370 


Sufficient, I trust, has been said to convince even the most 
sceptical of the value of pastures to the agricultural and economic 
welfare of the Island. Let us now enquire whether Ceylon 
pastures are in need of improvement. Can we conceive a tea or 
coconut plantation which is regularly cropped but receiving no 
attention whatever by way of cultivation or manuring ? What 
attention have we given our pastures which are cropped, i.e., 
grazed in and out of season, and the productivity of which is taxed 
beyond their normal. Can we fail to recognise that there is a 
slow invisible flow of soil fertility with every herd of live-stock 
that is grazed on our pastures without any compensating return 
to the soil ? Depletion is inevitable and is hastened by drought. 
As depletion proceeds on an impoverished soil the vegetation 
tends to disappear and the pasture responds less readily to what¬ 
ever rainfall there is and any existing vegetation is literally eaten 
out. A barren soil denuded of pasture is the inevitable re.sult. 
In all parts of Ceylon, pastures in various stages of deterioration 
can be seen by the most casual observer. 

How then can our pastures be improved ? Only a very 
careful study of our pastures can provide a definite answer to 
this question and this answer I am not in a position to give. 
I may, however, indicate in very broad terms such methods of 
improvement to which some of the pastures that have come 
under my notice are sure to respond. 

Drainage .—A well-aerated healthy soil is just as necessary 
to grassland as it is to arable land. Water-logged pastures are 
invariably overrun with useless weeds., especially the Cyperaceae, 
and Eriocanloneae. The*^ vegetation of any land is a very good 
guide as to whether drainage is needed nr not. The need for 
drainage is obvious in lands which were once under rice but are 
now for some reason or other abandoned. Nothing but prompt 
and thorough drainage can save those lands from reverting to 
useless waste lands. On well-drained land the grass has a 
better chance of growing and establishing itself in a competition 
with such weeds as thrive on water-logged soils. 

Irrigation .—In earlier centuries irrigation of grasslands was 
carried out on a large scale in European countries and this 
practice has been revived and is on the increase. Spray irri¬ 
gation of pastures has proved very beneficial in advanced 
countries. Everywhere it has been found that irrigation of 
pastures has increased their yield. The phosphorus, potassium 
and magnesium content of pasture was found to rise with irriga¬ 
tion while the calcium content fell. Where flooding is not 
practicable for reasons of an insufficient water supply a .system of 
channels, while serving the dual purpose of watering the a:nimals 
and the pastures, will also help to keep the land from getting 
water-logged in wet weather. 



371 


Water meadows in Ceylon are not known to me but their . 
possibilities are evident, alongside the banks of rivers and streams 
which are subjected to occasional flooding. Could not the occa¬ 
sional flooding of the Mahaweli Ganga which then overflows 
its banks in the Tamankaduwa district partly account for the 
productivity of its pastures ? 

Clearing. —The need for this is very evident in paddy lands 
which have been abandoned sufficiently long ago and which have 
now reverted to scrub. Nothing short of a thorough freeing of 
this land of the scrub together with draining is needed for its 
improvement. 

Land which has been reclaimed from varying stages of deteri¬ 
oration by one or more of the above methods, will then need 
further attention and fencing should be one of the first steps 
towards the maintenance of the pastures in good condition and 
towards our goal, their increased exploitation. Judicious grazing 
is just as important as correct manuring and grazing cannot be 
controlled without fences. The position of the fence must be 
determined by the convenience of working the land and the 
uniformity of the grazing. The size of the enclosure has to be 
determined by such conditions as climate, soil, and extent of the 
grazing herd. 

Grasslands will certainly need manuring. What manures 
should be applied investigation only can reveal. Manuring 
should, however, be preceded by mechanical treatment. Some 
pastures have been so regularly grazed that every possibility of 
adventitious growth has been reduced to a minimum and only a 
mat of roots is left. No amount of manures can be expected to 
break through such a mat and reach the soil. Rt'juvenation of 
that type of soil is necessary by breaking up the mat. Such 
coarse grasses as Chrysopogon acicuhtus, Sciaria glaxica, Aristidia 
setacea, which are due either to insufficient grazing or other 
unexplained reasons act as a serious check on good herbage 
plants. They have to be removed, often by drastic burning. 
The fire should pass quickly over the herbage .so that any of the 
finer plants which may be struggling for an existence may not be 
unduly injured. Burning should be followed by harrowing before 
manures are applied. 

Chief among the factors affecting the composition and, there¬ 
fore, the utility of pastures, are the several species of plants with 
their seasonal variation and degree of growth under varying 
conditions of climate and soil. 7'he introduction of desirable 
gras.ses and legumes as Axonopus compressus, Desmodium spp., 
Paspalum conjugatum, Alyssicarpus, Pannicum fluitans, P. colo- 
num, P. pUicatum, Stenotaphrum complanatum, Cynodon dactylon, 
Setaria sulcata, may be first steps towards improvement after such 
preliminaries as draining, fencing, and burning where necessary. 
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Qualities of grasses suited for grazing are either those with a 
creeping habit or those with the capacity of producing numerous 
small leaf shoots as well as the large flowering shoots. These 
plants must also be able to maintain themselves under the 
influence of the grazing animals. Ipomea, Comnielinia and 
Mikania, have been found to be useful species for' grazing 
although they are not grasses. 

.Shade trees are a very necessary adiunct to pasture lands as 
they protect both the cattle and the grass in the very hot weather 
which is aggravated by a f)eriod of drought. Such trees as 
Poinciana regia and Leucaena glauca affording a light feathery 
shade are more suitable, than dense shade. Such trees as 
Mimusops hexandra, Acacia spp., the pods of seeds of which are 
readily eaten, should be planted up. 

Manuring can now follow. It is not possible for me to say 
with certainty what manures should he applied but T may mention 
such elements of plant food which are indispen.sable. 

Liming will undoubtedly be helfiful although as a general 
rule grassland will stand a higher degree of acidity than arable 
crops. Liming influences the quality of pasture. Joachim 
(The Tropical'AgncuUurist, LXVTTT, 1927 pp. 269-271) has 
amply proved the poverty of Ceylon cultivated pasture grasses in 
minerals especially. We can from that gauge the quality of 
uncultivated pastures. Crawford (find p. 279.), while admitting 
that, “Manuring the soil with phosphatic manures and calcium is 
obviously the most direct method of attack” says “it has the 
drawback of being expensive. Tt is more suited to mixed farming 
than to grazing.” He favours “.Supplementing the grazing by 
foodstuffs known to be. rich in the deficient minerals, especially as 
regards calcium content.” German experience cited above has 
proved that better grazing is not only more practical but also more 
economical. Before deciding the question of cost and feasibility 
one must take into consideration the train of subsidiary effects 
liming has both on the .soil and on the pasture. We must not lose 
sight of the fact that grazing does not mean merely grass but any¬ 
thing which is palatable, non-poisonous, and of nutritive value. 
Liming encourages the growth of leguminous plants of the type of 
Desmodiums, etc., which cattle eat readily and which are rich in 
calcium. It has also been proved that one can take more liberties 
with the grazing on limed soils without permanent damage to the 
pasture. Lime also serves as a preparation for such other 
manures as phosphates by promoting the more rapid disappear¬ 
ance of coarse and badly grazed herbage. 



373 


Phosphatic manures are by far the most important for grazing- 
land although there are some lands which do not respond easily 
to phosphates. Here too as in the case of the manuring of other 
crops considerations of soil and climate should determine whether 
phosphates should be applied and, if so, in what form. The 
phosphorus content of herbage has been shown to fall during 
drought. In South Australia the indication is that soil moisture 
can be conserved by enriching the soil. This result, if confirmed, 
will be of great economic importance to pasture lands in dry 
districts. It may here be mentioned that in ("eylon water seems 
to f)e the limiting factor to the productivity of pastures. Phos¬ 
phates act on grassland by inducing tillering and the development 
of lateral and fibrous roots, cause a bottom growth of legumes 
which act as a wet blanket keeping the temperature down, keeps 
grass from growing too sappy, and enriches pastures. 

On poor grazing land potash by itself does not seem to be 
effective and it should only l)e used either in conjunction or on 
land previously treated with phosphate. Kainit is usually 
applied because the common salt in these fertilisers makes coarse 
herbage more palatable to stock which pull it off and help in 
cleaning up rough patches. 

The nitrogenous manures on grassland is either on .an inten¬ 
sive or extensive scale and as no definite results are available 
under Ceylon conditions no useful purpose will be served in this 
f)af)er by any comparisf)n of, or reference to, either of the methods. 
It is a subject which had better be left for experience to decide. 
Nitrogenous manures helj) to maintain the '‘freshness'' of a 
pasture over a longer period and the herbage known as “May'' 
grass can be produced in England as late as July or even August 
by their use. Under extensive grazing systems farmyard manure 
should be both available and the best source of nitrogen, ft 
should not, however, be left to be about as it induces rank growth 
and coarseness of the herbage. 

All attempts at the improvement and maintenance of grass¬ 
land by mechanical and manurial treatment will be of no avail if 
the grazing is not controlled. Experience alone can teach us at 
what stage of the growth of a [)asture the maximum yield can be 
obtained by grazing and the extent to which the pasture could be 
safely grazed down before it is rested. Rotational or intermittent 
grazing of pastures has proved to be more economic *and profitable 
in England. The ideal method is to tether the animal—a 
practice regularly followed on permanent pastures over consider¬ 
able areas and on large farms in the south of Sweden. Its 
possibilities are greater in Ceylon because of the more favourable 
conditions for growth of plants throughout the greater part of the 
year. Intensity of grazing will have to be reduced with the 
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advent of dry weather and care will be needed that the pasture is 
grazed to a nicety so that neither too rank a growth is left to be 
parched up by a drought nor too little left for recovery when 
better weather sets in. The art of grassland management 
involves the manipulation of a number of factors. 

One may be inclined to deride all the suggestions for 
improvement of pastures put forward in this paper on the score 
of cost. What the actual cost will be, it is not possible for me to 
say but communal labour and a levy on each head of cattle that is 
grazed ought to be able to meet the expenditure a great way. If 
only on an experimental scale, it is a trial worth making when one 
remembers that it is an attempt to not only assist paddy cultivation 
which everyone looks upon as a national industry but also to 
improve our live-stock of which just now we have every reason to 
be ashamed. Besides the methods of improvement mentioned in 
this paper there are several other points on which research is 
needed, e.g., the question of mowing versus grazing in districts 
where growth is more luxuriant. Research alone can show the 
adaptability and applicability in local conditions of methods, the 
results of which so far achieved in other countries, have proved 
remunerative. 
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COTTON CULTIVATION IN THE 
HAMBANTOTA DISTRICT 


W. R. C. PAUL, M. A., M. SC., D. I. C., F. L. S.. 

DIP. Agric. (Cantab.) 

DIVISIONAL AGRICULTURAL OFFICER, 
SOUTHERN DIVISION 


C OTTON is now an established crop under cultivation in 
the Hambantota district. It is chiefly grown in chenas 
and provides the peasant population of the district with 
an opportunity of .supplementing their meagre incomes. 
Over two thousand acres are at present under cultivation with 
seed annually supplied by the Department of Agriculture. 

The earliest attempt to grow cotton in the Hambantota 
district was made in 1912 when the Ceylon Agricultural Society 
inaugurated trials with Cambodia cotton. The intervention of 
the War, which followed, caused an interruption, and, in 1921, 
the Department of Agriculture undertook to carry out experi¬ 
ments in cotton cultivation. These were begun on some plots at 
Ambalantota and Kiula and are now being continued on the four 
experiment stations which have in due course been established in 
the district. The success of the early trials and the attempts of 
the peasants to grow cotton in small plots caused the organisation 
of a peasant scheme which rapidly expanded in a few years’ time. 
The subsequent depression in cotton prices, the unseasonal 
weather for the cultivation of the crop ex[)erienced later, during 
several years, and the increasing d.amage caused by the trespass 
of stray cattle and wild animals have done much to discourage 
the efforts of the grower and retard the progress which is being 
made. Cotton is, neverthele.ss, one of the few crops in the 
Hambantota district which provides the villager w'ith a source of 
income in the form of money and unless prices drop heavily much 
further it is not likely to be abandoned. 

The Ceylon Spinning and Weaving Mills, Colombo, who 
purchase nearly all the cotton produced in Ceylon have done much 
to encourage the development of cotton cultivation in the Island. 
They have regularly offered prizes in the form of gold medals to 
winners of the cotton competitions which are held each year and 
though they virtually enjoy a monopoly in the purchase of cotton 
they have, it must be admitted, considered the interests as well of 
the growers. 
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EXPERIMENTAL WORK 

The experiments carried out by the Department of Agricul¬ 
ture were begun in 1921 on some plots at Ambalantota and Kiula 
with a number of varieties re{)resenting types from America, the 
West Indies, India, and Egypt. The yields obtained ranging 
from 3 cwt. to 6 cwt. per acre with the different varieties were 
considered .satisfactory, the two outstanding being Durango, an 
American Upland, received from the United .States Department 
of Agriculture, and Cambodia, a variety grown largely in the 
Madras Presidency. The following year the trials were con¬ 
tinued on the Cotton Experiment .Station opened at Ambalantota 
with a further strain Nt). 15 of Cambodia and an American 
Uf)land from South African seed, dhe Durango showed a 
marked increase in yield giving about 9 cwt. })er acre. In the 
subsequent trials, other South African varieties were al.so grown 
together with fresh importations of the previously grown 
varieties. In general, the yields of most varieties showed a 
gradual decline. Certain varieties, c.g.. Sea Island, Sakella- 
rides. Watts Long .Sla|)le were discarded mainly because they 
were considered too fine for the rec|uirements of the Mills in 
Colombo to whom all the cotton grown in the Island was .sent. 
Other varieties were also discarded because of their low yields 
.ind for the 192G-27 season only two varieties were retained— 
Durango and Cambodia, d'he manurial trials which were also 
conducted during several seasons gave no conclusive results. 

The Ambalantota Experipient .Station is representative of a 
soil of the type of a heavy loam where drainage conditions and 
weed growth present great difficulties. In 192(5 it was decided 
to open two new stations for cotton rotation work at Bataata and 
Middeniya, which would .serve the coastal and inland areas of the 
Hambantota district under lighter soil conditions, the soil of these 
two stations being of a more sandy nature. 

'Phe 1926-27 trials were limited to Cambodia and Durango 
varieties, but weather conditions were unfavourable and heavy 
flower and boll shedding occurred. No conclusive results could 
be tirawn even from the spacing trials. In the following season 
three new early maturing strains of Cambodia were imported from 
C^'oimb.'itore and tested against the local Cambodia .strain 15 which 
was the result of mass selections carried out since 1922. At 
Middeniya and Bataata .Stations, Durango varieties were also 
grown but the best yields were only obtained from two of the 
Early Maturing types at Middeniya. where ju.st over 4 cwt. per 
acre were recorded. Spacing and manurial trials,'were again 
ineffective, the season being unfavourable. The results of the 
1928-29 trials showed that the local Cambodia was superior to 
the Early Maturing types and that the Durango strains were so 
susce{)tible to attack by Jassids that their continuance was not 
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desirable. Accordingly these were discarded but the two new’ 
varieties Zululand Hybrid and Improved Bancroft which were 
imported in 1928 by the Ceylon Motor Transit Company and 
yielded satisfactorily at all stations in comparison with other 
varieties were retained along with the local Cambodia strain 15. 

In 1929 a new cotton station was opened at I'issamaharama. 
It was found that the best village cotton in the whole 
district was being produced from Magam Pattu and that the 
rainfall and soil conditions appeared more suitable for cotton 
cultivation in this area than elsewhere in the district. A .station 
was needed as a main breeding station for cotton where supplies 
of seed for the needs of the whole district could be made. Ten 
acres have so far been opened but it is proposed to extend the 
area gradually each year until eventually a sufificient area has been 
obtained for the maintenance of a supply of pure-line seed for 
distribution to the growers in the district. 

For the 1929-30 season fresh seed of Cambodia strain 15 was 
imported as it was desired to test the yields of seed freshly 
imported each year against those of local seed of the same strain. 
These were carried out at Ambalantota, Bataata and Middeniya 
Stations and the results are tabulated hereunder; 



Table I 

.\mbalanlota 

Bataata 

Middeniya 

('ambodia strain 15 

local selection 

3? 


2 (Avt. per acre 

( ambodia strain 15 

Imported 1929 

2 

2i> 

1 


At I i.ssa Station the importeil ('ambodia strain 15 was grown 
alr)ne and a yield of nearly 0 cwt. per acre was obtained. 

Four new types were also imported from India last year 
viz: Karunganni (' 7 and A 10, Kumpta, and Uppam, and were 
grown at all .stations, but the yields were negligible, flowering 
taking place late in the .season and the bolls when formed being 
insignificant in size. 

It is therefore proposeil to concentrate on Cambodia strain 
15 which has proved to be the most suitable type of cotton so far 
for the district whilst abso retaining for further tests Improved 
Bancroft and Zululand Hybrid varieties. Selection work on these 
varieties will be continued, while other varieties from India which 
are likely to prove superior to the local types will also be tested 
from time to time. 

THE PEASANT SCHEME 

As a result of the success of the 1921-22 trials carried out by 
the Department of Agriculture on the plots at Ambalantota and 
Kiula, seed of American Upland varieties was issued to villagers 
for planting cotton in small plots during the next season. About 
300 acres were cultivated and the crop was bought from them by 
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the Department and sold to the Ceylon Spinning and Weaving 
Mills in Colombo. It was then decided to organise a peasant 
growing scheme by which seed would be supplied to the growers 
by the Department who would also undertake to purchase the 
crop from them. Chena permits for planting cotton on one acre 
were granted either separately or along with the usual two-acre 
kurakkan chenas. Seed of Durango was distributed for the 1923- 
24 season but as this was insufficient it was supplemented by an 
Upland variety imported from South Africa. Altogether about 
600 acres were brought under cultivation that season and about 
700 cwt. of cotton produced. The Ceylon Spinning and Weaving 
Mills, Colombo, undertook to purchase all seed cotton produced 
in the district at a definite price per cwt. delivered at Colombo and 
the Department acted as the buying agents. V^arious purchasing 
centres in the district were arranged and the growers brought 
their cotton to these centres, where it was weighed and paid for 
immediately from an advance met by the Mills. At each centre 
a certain price was fixed which covered the cost of transport of 
the cotton to Colombo and the working expen.ses of the purchase. 
It was also seen that the cottort which was brought to the centres 
for sale was well sorted and graded. For the 1923-24 season, 
nearly Rs. 12,000-00 were paid to the villagers who grew cotton 
and for the last season’s crop when there was a depression in the 
cotton market and only Rs. 16-00 was offered by the Mills for 
Cambodia cotton in contrast to Rs. 20-00 in 1923, the sum of 
Rs. 30,580-60 were paid to the growers. The subjoined table 
gives the figures of the yields,* averages, the price offered by the 
Mills and the actual payments to the cultivators: 

Table II 


Season Yield Acreage Price quoted by Payments to the 

the Mills per cwt. cultivators 

Cwt. f.o.r., Colombo 


1922-23 

15J 

300 

Rs, Ots. 

35 00 

Rs. Cts. 

1923-24 

710 

600 

20 00 Cambodia 

25 00 Upland 

11,957 41 

1924-25 

1,225 


25 00 Cambodia 

25 00 

23,815 58 

1925-26 

2,700 

1,000 

21 50 

45,513 59 

1926-27 

l,907f 

1,193 

15 00 


1927-28 

1,9111 

1,591 

(subsidy of Rs. 5*50) 
17 00 

31,592 35 

1928-29 

8,588i 

2,800 

(subsidy of Rs. 1*70) 
18 50 

30,541 19 
32,167 45 

1929-30 

2,200 

2,297 

16 00 

30,580 60 


The purchasing centres which were originally scattered in 
various areas are now confined to the four cotton experiment 
stations where stores are in existence and also at Liyangastdta 
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where a cotton store has been erected. Only one purchase is now 
carried out during the first week of May and during this week the 
whole agricultural staff in the Hambantota district is engaged on 
this work. Much praise is due to these officers during this period 
which involves long and continuous hours of work. Each village 
or group of villages is allotted a certain day on which the cotton 
will be purchased at the nearest centre and every endeavour is 
made to complete the purchase of cotton on the same day that has 
been fixed for a particular group of villages, in order that the 
growers who come from long distances may not have to wait 
unduly long at the centres before •'heir cotton is bought. The 
bags brought in by the villagers are emptied and stacked in the 
stores of the Department after which re-bagging is done with 
standard bags provided by the Mills. The cotton is then trans¬ 
ported by lorry to Matara and thence by rail to Colombo where 
delivery is taken by the Mills. 

The scheme provides the villagers of the Hambantota 
district with an annual crop which though in comparison with 
other crops of the district takes the longest period to grow yet 
provides them with a ready source of income. The present low 
prices of cotton are however causing a certain amount of dis¬ 
couragement to the growers but to those who realise the value of 
a money crop and who understand good methods of cultivation, 
cotton has come to stay in the district. It is doubted that unless 
prices drop considerably further cotton cultivation will ever be 
abandoned in the Hambantota District. 

The difficulties and hardships which the chena grower has 
to contend with in the cultivation of not only cotton but other 
crops in the district are considerable. Many villagers have com¬ 
plained to me of the difficulties which they experience in obtain¬ 
ing permits and accuse the local headmen of imposing conditions 
which they are unable to fulfil in many cases. The villager who 
has been fortunate enough to secure a permit commences the 
work of felling and burning the chena land issued to him during 
August and September. He erects a brush wood fence around 
and after planting is complete in October he remains every night 
in his observation hut on his chena guarding his crops from the 
ravages of wild animals and especially elephants. The lot of the 
chena grower during this period is most trying. Not only has he 
to contend against the destruction caused by wild animals but he 
has also to face the damage caused by the trespass of cattle into 
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his chena. Numerous cotton chenas have been destroyed by 
stray cattle which roam about the country in large numbers. It 
is particularly unfortunate that these are generally useless neat 
cattle owned by the local headmen and the most influential 
villagers and are allowed to roam about freely seeking what food 
they can obtain. 

Elephants are also responsible for a large share of damage 
to cotton chenas and it is not an uncommon sight to find whole 
chenas completely destroyed by these herds in a sirtgle night. 

Attention should also be called to the prevalence of malaria 
which is most virulent just at the period when the cotton plants 
need special attention. Weeding is often neglected and as a 
result a considerable drop in the yields of cotton is thus effected. 
I'he control of these factors—damage by elephants, trespass of 
stray cattle, and the prevalence of malaria would do much to 
improve the yields of cotton and the conditions of the cultivator. 

CULTIVATION METHODS 

The aims of the Department have been to include cotton in a 
rotation scheme which would eventually replace the present chena 
system. For this purpose the use of implemental tillage is 
necessary if a larger area than the present maximum of 3 acres 
allowed a chena cultivator is to be taken by a family. Trials are 
at present being conducted with the object of cultivating cotton 
and other rotation crops in the dry zone under the most econo¬ 
mical methods and with the employment of the minimum number 
of implements. 

Ploughing is the first tillage operation preparatory to the 
sowing of a crop, and in the past trials were carried out with the 
use of Cletrac tractor and disc plough, and by cattle with 
Ransome’s ictory and Ceres ploughs. The last named has been 
the most satisfactory and economical, but future trials will be 
tarried out with the use of lighter and cheaper ploughs, e.g., 
the Meston. Two ploughings are done, one being crosswise, 
earned out after harvesting is over of the last crop. When the 
ploughing has been completed the use of a disc-harrow has been 
found very effective in breaking down the clods, but as this 
implement is somewhat costly, and prohibitive for the use of the 
small grower it will not be employed in further trials which will 
^confined to the simpler Indian implements such as the Guntaka. 

I his IS a harrow type of implement which has given satisfactory 
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results so far at Ambalantbta. The checking of weed growth and 
improvement of the tilth of the soil can he maintained hy the use 
of a zig-zag or chain harrow hut the substitution of a light 
Guntaka will be considered in future trials. Sowing is carried 
out in October with the first showers of the north-east monsoon 
rains and has hitherto been [)erformed hy hand. The use of a 
bamboo seed drill is to be tested during the next, season. The 
most suitable planting distance has been found to be 2 ft. by 4 ft. 
between the rows. Soon after sowing when the plants are a few 
inches high weeding should be carried out. This has been done 
with the use of a Planet Junior (Cultivator, but the employment of 
the Guntaka has also given satisfactory results. Several weed- 
ings are necessary as the growth of cotton is greatly checked by 
the presence of weeds. A final weeding by hand is desirable 
when the plants have grown too large for the use of implements. 
Howering takes ()lace during the latter part of December and 
early January and picking may commence from about the middle 
of February extending until the end of .4j)ril. After the crop is 
picked it should be carefully sunned and graded. 


The following figures give the present costs of cultivating 
cotton per acre, estimated only on the actual cost of labour 
employed: 


Ploughing 

Rs. 5 00 

2 plough ings 

Harrowing 

■36 

Zig-zag harrow or the (luntaka harrf)w 

Sowing 

,, 2-50 

Hand sowing 

Weti^ding 

,, SOO 

L\se of l^lanet Junior Cultivator on 3 occa¬ 

Harvesting 

,, 7-50 

sions with an earthing up hv hand and a 

Sunning and 


final \\ ceding bv hand 

(irading 

,, 2()() 

('ost of implements 


Ks. 22 36 

per acre Ceres plough Rs. 35*00 

Zig-zag harrow ,, 75*00 

Guntaka ,, 10* 00 


Estimated crop of 6 cwt. per acre. 

Future work, however, will be confined to the possibilities of 
reducing these costs further by the emj)loyment of cheaper and 
simpler implements which will be within the reach of the small 
cultivator. 

I'he cultivation of cotton is contemplated along the lines of 
a rotation system in which cereal, leguminous and money crops 
will be included, but it is not proposed in this paper to discuss the 
rotation schemes under trial. 
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CONCLUSION 

IA conclusion, it may be said that the progress of cotton 
cultivation in the Hambantota district has been impeded by 
several factors, but as cotton has proved to be one of the few crops 
in which marketing difficulties do not arise it is not likely to be 
abandoned. The depression in cotton prices during the last few 
years has had a discouraging effect on the growers, who have also 
to contend against such other difficulties as damage to chenas by 
stray cattle and wild animals and the prevalence of malaria. The 
average yields of seed cotton in chenas are between 2 and 2^ cwt. 
per acre. Neglect to plant cotton in definite rows and to carry 
out regular weeding is common, and much higher yields could be 
obtained if attention was only paid to these two conditions. The 
experimental work of the Department has been confined mainly 
to the selection of suitable varieties and strains for the district. 
The results of the trials carried out since 1921 have indicated the 
general superiority of Cambodia cotton, an Indian variety, a 
local selection of strain No. 15 of this variety have given the best 
yields so far. Further selection work will be carried out in the 
future while comparative trials with other varieties will also be 
continued. 

Weather conditions play a most important role in cotton 
cultivation. Periods of heavy rainfall experienced either during 
the early or later stages in the growth of this crop result in much 
damage and poor yields. During certain years, e.g., the 1926- 
27 and 1929-30 seasons when abnormal rain was experienced in 
the district there was a considerable effect on the crop of the 
Experiment Stations. 

With improvements in methods of cultivation and the use of 
the most suitable strains for the district which form part of the 
future programme of the experimental work in cotton carried out 
by this Department it is hoped that cotton cultivation will occupy 
a foremost place in the Hambantota District. 
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DISCUSSION 

Gate-Mudaliyar M. S. Ramalingam enquired whether the Agricultural 
Department had tried Delft for growing cotton. Some years ago Mr. B. 
Horsburgh, then Government Agent of the Northern Province, collected some 
samples of soil and forwarded them to the Agricultural Department for report 
but since then the speaker had heard no more about it. In the opinion of 
the speaker llie soil in certain parts of Delft was quite suitable for cotton 
growing. If the Department could detail an officer to be sent round tht* 
country to examine soils suitable for cotton cultivation in the various parts 
of Ceylon, the speaker was sure it would be of immense benefit to the 
villagers as well as to the country as a whole. 

rhe Director of Agriculture (Dr. W. Yot;N<;iVrAN) said that the question 
of cotton growing in the island had not been overlooked. 1'hey were even 
now looking into the question of growing cotton in the island mentioned. 
The difficulty in connection with the matter was the rainfall in the island 
of Delft. The cultivation of cotton required 8 inches of rain for four months ; 
in Kgypt the equivalent of 32 inches of rain during the growth period was 
found to be ideal. In India in tracts w'hen they had 45 inches of rain during 
the whole period fhey got yields as high as 800 to 1,000 pounds of seed 
cotton per acne. was not quite sure that the rainfall in the island of 

Delft was not more a limiting factor than soil conditions. In connection 
with cotton growing, certainly the most important factor was the rainfall. 
“ The question of cotton growing in the island has not been, nor will il 
be overlooked,” concluded Dr. Youngman. 

Rev. Fr. L. Wickremesinghe said that a great handicap to the en¬ 
couragement of cultivation in the villages were the headmen who claimed 
their share of the villagers* output. They should also, he thought, introduc e 
into the village schools hand-looms for spinning and weaving, which would 
absorb a great deal of cotton. He suggested the grant of land to the 
villagers for cotton cultivation and the introduction, by the Agricultural 
Department, of ginning mills. 

Mr. Darrei.l Peiris said that cotlon growing had been taken up in 
right earnest in the village of Bomiriya by a Women’s Institute and spinning 
with the charka which c'ost no more than Rs, 10 locally. He wished to 
know whether experiments in cotten growing had been conducted in the 
Western Province. They had large acres available for the purpose in the 
Western Province and he asked whether it was suitable. 

Mr. W. R. C. Page said that, as the Direc tor had observed the chief 
factor was the rainfall which should however not l>e too heavy. In that 
respect the Western Province was not generally suitable. A dry climate 
was also necessary. 

'Fhe Director or Agrici itiirh said that as regards ginning cotton in 
Ceylon, the que.stion had received the attention of the Department and he 
expec'ted a ginning instrument shortly, if it had not already arrived. With 
r:^gard to a hand-ginning machine costing Rs. 10 locally, he said that in 
India village carpenters made them for Rs. 3 each, and he saw no reason 
why the Ceylon carpenter should not display his ingenuity by putting it on 
the market at a cheaper rate. 

1'nE Chapman (Sir Soi.omon Dias Baxoaranajke) said that Mr. Paul 
had read a very interesting paper. Cotton cultivation in Ceylon, he thought, 
vas going to be an economic industry in the future. He underst<K>d that 
the villagers were taking readily to the cultivation of cotton in their small 
holdings. Thiere was a move now to teach the village youth the art of 
spinning and weaving. He hopcTl it would prove a success. It was a 
source of great pleasure to him that a son of one of their greatest medical 
men in Ceylon had taken such a great interest in agriculture and he hoped 
before long that he would be as distingufshed in the agricultural science as 
his father was in his own profession. 
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AGRICULTURAL INSTRUCTION IN RURAL 

SCHOOLS 


J. C. DRIEBERG, DIP. AGRIC. (POONA) 
DEPARTMENT OF AGRICULTURE. CEYLON 


A t the present time we have schools for trades such as 
carpentry, weaving and pottery, yet, by an extra¬ 
ordinary anomaly, no institution for training village 
lads to follow the vocation to which they were horn, and 
which they would follow except for the fact that they forsake the 
countryside in search of other pursuits in the towns. But since 
the education which they have received so far has not seriously 
directed their attention to agriculture as their calling in life, and 
no training has been given to fit them for this work, it is nothing 
to wonder at that they feel themselves unfitted for the cultivation 
of the land, that they pos.sess a disinclination for work of this type, 
and that they are impelled with a desire to seek other sj)heres of 
activity, which in .some instances, are fraught with serious con¬ 
sequences. Certain steps have Ix'en taken in the past to meet 
the necessity of imf)arting an agricultural bias to rural education, 
but these have been meagre in proportion to the needs of the 
country, and to judge by results, their effects have scarcely been 
felt. Village agriculture has not improved va.stly; nor is there 
any clamour for land by the educated youth of the rural areas. 

The object of this paper is to review the action that has been 
taken in the past and to urge that the organization of definite 
agricultural training in connection with rural education, on the 
lines suggested, be taken in hand, in order that general education 
may be linked up, through this medium, with the economic and 
social welfare of the country. 

I he beginning of what may appropriately be termed the 
Rural Science Movement lay in the School Gardens Scheme 
which was established in 1901, under the Department of Educa¬ 
tion. But it is an important fact that this scheme was organized 
and developed by an agricultural officer, and that assistants who 
were appointed at a later stage were themselves men with practi¬ 
cal experience in agriculture. 

In 1906, however, the School Gardens Branch was trans¬ 
ferred to the Department of the Botanic Gardens which in 1912 
developed into the Department of Agriculture. 

The first great impetus to Agricultural Education was given 
by His Excellency Sir Henry McCallum, who, besides taking a 
personal interest in the matter, appointed a Committee to report 
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upon a scheme of agricultural training for Ceylon. The amended 
despatch which received the sanction of the Secretary of State 
contained, among others, the following recommendations: 

(1) that the new policy should be gradually introduced, 
beginning with reforms in the village schools as distinct 
from purely agricultural schools; 

(2) that the proposed Central School of Agriculture at 
Peradeniya should be postponed until a future date; and 

(3) that the best and most economical plan of bringing 
agricultural education to the doors of the population 
would be by gradually developing the village schools and 
establishing less ambitious provincial schools of which 
4 were to be established within three years. 

'The object of these schools was to give an agricultural train¬ 
ing to teachers who later would be placed in charge of village 
schools in important centres which are selected for giving agricul¬ 
tural instruction of a more advanced type than can be given in 
ordinary village schools. 

This recommendation was made so far back as 20 years. 
While schools of agriculture at which teachers can receive a train¬ 
ing have been established, the idea of developing special village 
schools has not materialized, and the means whereby this recom¬ 
mendation may be given effect to is suggested in this paper. In 
terms of a recommendation in His Excellency’s despatch of 1911 
referred to, the preparation of suitable text-books was taken in 
hand, and a Junior Agricultural Reader prepared by the Superin¬ 
tendent of School Gardens was issued in 1913, and followed later 
by a Senior Agricultural Reader. 

After the formation of the Department of Agriculture in 
1912, the idea of the four provincial schools gave place to a central 
school at Peradeniya which was. opened in 1916, contrary to the 
original proposal, and instead of its being an institution whose 
primary purpose was the training of teachers, it was run on 
different lines, and the class for teachers failed to receive the 
fullest measure of attention that was intended. 

In the first year, 6 teachers were sent by the Department of 
Education and in subsequent years the number was doubled. 
These teachers receive a year’s training, and up to now 146 
teachers have passed through the school at Peradeniya. 

With the opening of the Farm Schopl at Jaffna in 1926, 
similar classes for teachers were inaugurated, and so far 27 
teachers from the Tamil schools have received instruction ip 
agriculture. 

During all this time the School Gardens Scheme developed 
apace under a whole-time staff consisting of the Superintendent 
and 4 Inspectors who were specially trained for this ^i4, and in 
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1^17 there were no less than 333 registered gardens attached to 
rural schools throughout the Island. 

School gardens were designed originally for providing 
material for nature study, and a point of some importance that I 
would draw attention to is that the educative value of the garden 
was not wholly overlooked by the staff of the Agricultural Depart¬ 
ment inasmuch as the Inspectors systematically conducted nature 
study lessons in the class room and actively assisted teachers in 
their own work of instruction. 

With the decentralization of the work of the Agricultural 
Department which commenced in 1920, and the simultaneous 
retirement of the Superintendent of School Gardens, this work 
passed into the hands of the Divisional Officers and Agricultural 
Instructors. 

In 1923 a more definite attempt was made to give an agricul¬ 
tural bias to the instruction imparted in the rural schools through 
the introduction of a syllabus in Nature Study and Elementary 
Agriculture to be used in all the standards and this was prepared 
by the Inspector of School Gardens at the request of the Depart¬ 
ment of Education. 

Economic conditions in Ceylon became somewhat unsettled 
in 1924, and in his Administration Report for that year, it is 
worthy of note, the Director of Education drew attention to the 
value of indirect vocational training as a valuable equipment for 
life, as it would open the eyes of pupils to the vast possibilities in 
industry and agriculture; furthermore, that while there was room 
for directly vocational schools, he did not think that they could 
be easily grafted on to an ordinary elementary or secondary 
school, since the greatest defect of that method was that it dealt 
with only a few of the pupils, whilst the vast majority were 
uninfluenced by that training. 

It is also interesting to learn from the same report that there 
were ten selected vernacular high schools which worked on a 
special curriculum with special teachers, to function as models, 
and that these were full of promise. 

There is also an observation by an inspector of schools 
which has an important bearing on the suggestion offered in this 
paper, namely, "It is pleasing to record that several teachers 
have succeeded in interesting their children in the utilitarian 
aspect of school gardening, and this is an encouraging sign in 
view of unemployment.” 

Thjs view was further emphasised by the Director of Educa¬ 
tion with whom I was privileged to have an interview in 1926, 
when he stated that he wished to see school gardening, and parti¬ 
cularly the cultivation of paddy by the pupils of village schools, 
worked on a commercial basis. So that we have the ecowomic 
aspect of school work accepted in principle. 
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At this time the Director of Agriculture formulated propo¬ 
sals for the further expansion of the work of his Department, and 
these were submitted for discussion by a Committee of the Board 
of Agriculture, which urged the necessity of providing for courses 
of instruction in the vernaciilar at the agricultural school pro¬ 
posed for Galle; and recommended that in the case of the school 
for Wariyapola, a trial should be made for 5 years of affording 
agricultural training in the vernacular on the apprentice system 
and if successful, that this should be extended to the other 
divisions. 

In the next year an Agricultural Reader of wider scope than 
the previous ones was issued, and with a view to further the 
decision that the curriculumu of the elementary schools should be 
modified and a distinct rural bias imparted to the instruction 
given at such schools, the Department of Agriculture prepared 
the Handbook on Rural Science, in 1928, and followed it with a 
Handbook on School Gardening. 

The School Gardens Scheme, in the meantime has been 
steadily progressing and at the end of last year there was a total 
of 948 registered school gardens of which 75 were attached to 
Girls’ Schools, 125 to Assisted Schools; and 748 to Government 
Vernacular Boys’ and Mixed Schools. 

In view of opinions that have forcibly been expressed of 
late, and in order to meet the economic needs of the country as 
evidenced by conditions prevailing at present, it is necessary to 
organize means of providing provocational agricultural training. 
I do not think that technical or trade schools will meet the case, 
as there does not appear to be a demand for the.se at present; but 
the demand for these important institutions can be created if a 
preliminary training is given, as suggested, in conjunction with 
the general education at .school. Indeed, it is es.sential that 
agricultural training should form a f)art of the education imparted 
in rural schools. It is then only that the importance of such 
training and instruction can be appreciated to the full. But I do 
not advocate the wholesale adoption of this idea in all .schools, as 
this will not prove a workable scheme. In the .same way as a 
special curriculum has been adopted at the selected High .schools, 
so should agricultural training be organized at .selected schools in 
typical areas. A beginning may be made with 5 or 10 such 
schools, but in course of time there should be at least 100 central 
village agricultural schools distributed throughout the I.sland. 
There is no difficulty in securing the necessary teachers for these 
schools, as we now have 172 teachers who have received a train¬ 
ing at Farm Schools, and the best from among them can be 
seWted. 
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The essential features of such a scheme should be that the 
training should be (1) compulsory, (2) of practical nature, (3) 
on a sufficiently large scale, and (4) on definitely economic lines. 
The area should not be less than 5 acres which should be culti¬ 
vated not only with a view to showing a return but also to afford a 
training in the practice of agriculture rather than instruction of 
the didactic type. This work should be confined to the pupils in 
their last year at school, and the syllabus in Rural Science for 
Standard VTIl should be dealt with in connection with the training 
on the school farm. In the earlier stages, however, the pupils 
will receive elementary knowledge through nature study and 
gardening. 

There is no necessity of an excessive outlay of funds on these 
schools. Besides the land required, they should be provided 
with fencing, a means of irrigation, and an adequate supply of 
tools; but as in the case of the carpentry and weaving .schools 
which rej)ay the cost of materials su{)plied so may be the value of 
the implements be repaid within a specified period; and if worked 
properly these schools should be .self supporting. 

I would urge, however, that this farm should be worked on 
an economic basis, for w'hich purf)ose the j)upils should form 
themselves into a co-operative society. The training in methods 
of business which they will receive according to such a 
scheme should be of the utmost benefit to them in their future 
work. 

In putting this scheme into o|)eration we shall be carrying 
out one of the recommendations of the Unemployment Committee 
of 1927 to the effect that it was by organizing technical assistance 
and by providing for education with a utilitarian bias that the 
greatest assistance could be rendered at that juncture and further 
that it w'as important that the steps already begun in regard to a 
change in the form of education should be f)ushed on rapidly. 

But apart from the purely economic aspect of this subject 
there is at the present time a very pressing need on the .social side 
of rural life, and this has been brought to our notice of late bv at 
least one who can speak with authority on such matters. 

His Excellency speaking at the prize-giving last afternoon 
expres.sed the hope that teachers who received a training at the 
Farm School would convey the knowledge they gained there to 
the pupils of the rural .schools to which they would return. . There 
is no doubt that those who were keen have achieved a measure of 
success in this direction, but their efforts have not been productive 
of the results we hoped for. Nor could they be expected to do 
more than is possible within the curriculum of the general school. 
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It is therefore necessary that provision should be made for 
imparting not only more advanced knowledge of agriculture but* 
what is more important, a practical training in order to lead the 
pupils on to their right vocation. 

It is gratifying to find that one of the terms of reference to 
the Commission which will be appointed to report on Paddy 
Cultivation is the question of agricultural education, and I trust 
that the suggestion offered in this paper will be found acceptable. 

In conclusion, I venture to assert that the e.stablishment of 
compulsory continuation classes in agriculture will materially 
help not only to preserve the self-respect of the village youth, 
but also to afford him an opportunity of developing into an econo¬ 
mic asset to his country. 

DISCUSSION 

The Rev. J. S. Mather observed that the subject of rural instruction 
was one of the greatest importance to the general welfare of the people 
and th'e advancement of the Island. In the past there had been much 
talk and little action, but he hoped that the Conference would act as a 
stimulus to constructive effort. In the light of his experience as manager 
of a number of schools and of the experience gained in the work he was 
now doing in Colombo, he desired to offer a few suggestions. He stressed 
firstly, the necessity for much closer co-operation than now existed between 
the Departments of Education and Agriculture with particular reference to 
rural schools. Education in the village was a complete failure unless it 
was related to village life. The present curriculum in regard to rural 
schools was most ill-suited to village conditions. As to the means of best 
effecting the co-operation, he suggested that a Committee consisting of 
tepresentatives of the two Departments might be elected to report on the 
ways and means of attaining th’e aim ik\ view. 

Mr, Mather then referred to the need for graded agricultural readers 
for use from the first standard^ in order to strengthen a natural bias for an 
agricultural calling. He also suggested that a course in agriculture 
should be arranged in farm schools^ for teachers in training and that a 
system of practical agriculture might be introduced in village schools, 
whereby each pupil should have a plot of land to he cultivated by him. He 
finally appealed for official sympathy in the movement to turn back the 
tide of village youth into the towns and cities and suggested that this 
might take practical form in facilities for systematic and scientific agricul¬ 
ture in rural schools. 

Mr. Darrel Peiris offered a few remarks on behalf of associations in 
Colombo engaged in rural re-construction and were also interested in the 
campaign for the prevention of crime inaugurated by Mr. Justice Akbar. 
Afternoon classes were being conducted for adults, who, in addition, were 
expected to work for two hours a day on a co-operative basis on land given by 
vill^ers, the fruits of their labours being shared equally by the owners of the 
land and the school. Mr, Peiris made an appeal for qualified instructors for 
these sdiook in order that the pupils might receive a proper grounding in 
agriculture which he and others had acquired their knowledge on farms in 
4?Vanee and England couW only imperfectly impart. He felt that much could 
be Jone if the Agricultural Department joined hands with social workers. 
TOc speaker referred also to the work that wa® being done in the school 
started at Bomiriya for training in co-Operative dairy-farming. 



Mr. R. C. Proctor congratulated Mr. Drieberg on the excellence of his 
paper and dwelt at some length on agricultural instruction as a factor for 
stimulating local patriotism through which alone rural re-construction was 
possible. 

The Rev. A. C. Houlder thought that the Director of Education might 
bd asked to consider whether continuation classes could not be instituted. 
Previous speakers had suggested the need for a compulsory course in agri¬ 
culture. The difficulty that straightaway presented itself to his mind was 
that a child could not be forced to remain in school after the age of 12. 
The problem could perhaps better be solved, the speaker suggested by 
extending facilities for general education in village schools and providing 
somethng in the way of an agricultural training on the lines suggested 
by Mr, Drieberg. He felt that, with the assistance of the Departments 
of Agriculture and Education and also the Co-operative Department, an 
organization could be brought about to work these joint classes in con¬ 
junction with the school authorities. 

Mudai-Iyar N. WiCKREMARATNE remarked that some good might still 
be derived from the present industrial depression if it would succeed in 
turning the villager back to his legitimate CKXupation on the land. He 
briefly traced the history of agricultural instruction and referred in this 
ronnection to the excellent work and example of Mr. C. Drieberg. From 
the little they knew of the present Director of Agriculture, he felt that they 
could rely on him to do a great deal in the way of rural re-construction. 
Speaking of the highly organised state of the major industries, Mr. Wick- 
REMARATNE stressed the comparative neglect of the villager, who had only 
the Vel Vidane to turn to when in need of advice or assistance. 

Mr. Jebaratnam ofTerecl the suggestion that Government might consider 
the question of granting land for agricultural training to mission schools. 
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TOBACCO CULTIVATION 

WITH SPECIAL REFERENCE TO THE HIRIYALA 
HATH PATTU IN THE NORTH-WESTERN PROVINCE 

HENRY L. DE MEL. C. B. E. 

S CIENTISl'S have clescribeil nearly forty species of 
Nicotiana, the majority being natives of the new world, 
though a few are to be met with in the Philippine Islands, 
New Caledonia, and Australia. Only two or three can be 
regarded as affording the commercial products, tobacco and sniiff. 

The commercial classification according to Dr. Watt is as 
follows: 

(1) Cigiir-'wrappei' Tobaccos. —Sumatra, Connrrticut, Havana, and 
Connecticut Broad-leal, etc. 

(2) ('igar-fiUcr Tobaccos. —Cuban, Zimmer’.s Spanish, Little Dutch, etc 
(,S) Pipe Tobaccos .—North Carolina, Bright Yellow, .Maryland 
Smoking, etc. 

(4) Plug 'I'obaccos .—White Burley, Orinoco, Yellow Mammoth, \'ir- 
ginia Blue Bryor, White Stem, etc. 

Tobacco .smoking was unknown in Europe and A.sia prior to 
the discovery of America in 1492. The Sp.iniards evidently 
commenced the cultivation^ of tobacco in San Dominigo in 1531 
with African slave labour. Sir Francis Drake, Sir Walter 
Raleigh and others made tobacco smoking popular in England 
between 1570 and 1584 and about the same time cultivation was 
started in Virginia. In India the first direct reference to it 
centres around certain Portuguese missionaries at the court of the 
Great Moghul and it is believed that the Portuguese conveyed 
both the plant and the knowledge of its properties to India and 
China. 

4 he earliest historical reference to tobacco grown in Ceylon 
is in 1610. Anthony Bertolucci in his “View of the Agricultural, 
Commercial and Financial Interests of Ceylon,” published in 
1817, gives an intere.sting account of the tobacco indu.stry in 
Ceylon. 

“The tobacco trade flourished chiefly in the Penin.sula of 
Jaffnapatam, although considerable quantities were grown in 
other parts of the Lsland as well. The peculiar quality of the 
soil there gave it a particular flavour which made it suitable for 
chewing purposes. For a number of years the Raja of Travan- 
core derived considerable .sums by forming the exclusive privilege 
of .selling that commodity in his own dominions to retailers at an 
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advanced price—a monopoly which the Dutch allowed to continue 
in return for contracts of pepper required to preserve cinnamon on 
their long voyage to Eurojie. Besides, the I'ravancore market, 
tobacco was also sold to Sumatra and at Point-de-Galle. 

“On the advent of the English, the smuggling in of tobacco 
into Travancore (which proved highly lucrative) was vigorously 
suppressed by the Raja, and the existing monopoly maintained. 

“The purchases were rnaile in gold, in I’orto-Novo pagodas, 
as neither Sumatra nor I ravancore had commodities which could 
find a ready market in Jaffnaf>atam. The total amount of gold 
flowing into Jaffnapatam annualy was 120,000 to 140,000 Porto- 
Novo pagodas: but this gold was distributed throughout the 
Island in the purchase of grain and through the Coromandel Coast 
in the purchase of cloth. 

“ Phe supply retjuired by the Raja’s agents being the largest 
and as the cultivators were in the habit of receiving advances of 
money and were unable to effect a successful .combination, they 
were compelled to accept very low terms which were hardly suffi¬ 
cient to keep the land in cultivation. 1 he price fixed by the 
Travancore investment naturally governed the .standard of the 
other two. 

“This slate of affairs attracted the notice of the Central 
(lovernment, and (ajvernors .North and Maitland after vainly 
endeavouring to bring about a more equitable balance of trade 
finally imposed a duty of 3(> rix-dollars per candy of 500 Ib. 
British weight, i.e., 00% of the value of that article at the place 
of exportation, the Sumatra consignment at 27 rix-dollars, and 
the Point-de-Galle consignment at 27 rix-dollars per candy. 

“As a result of this measure a large additional revenue came 
into the coffers of (Government; but the Raja was willing to raise 
the f)rice in his own dominion and thus brought the burden of 
taxation to bear on the unfortunate merchants and cultivators. 
Phis occasioned severe distress and the monopoly continued to 
exist. 

“The Government next ^troceded to combat the Raja’s tactics 
by forming a counter-monopoly, but with doubtful success. It 
entered into a contract with the Raja of Travancore to furnish 
a certain amount of tobacco at a fixed rate, after having assumed 
the monopoly of all the export trade. The Government bought 
up all the raw tobacco on the market and undertook the respon¬ 
sibility of performing the processes of curing, etc., and of placing 
the finished product on the market. This ha<l the effect of 
driving out of employment the traders and the merchants who 
were considered by some to be harmful to the industry. As a 
consequence there was much hardship which was aggravated by a 
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sqaxcity of grain in the years 1812 and 1813- The tob?icco culti¬ 
vators of Jaffnapatam had been in the habit of buying cloth and 
grain from the Coromandel Coast: when they were paid by 
Government in the Ceylon paper currency, this market wa.s 
practically closed; and as the Government of Travancore was not 
punctual in its payment of Porto-Novo pagodas the cultivators 
were extremely hard pressed. 

“Governor Brownrigg set himself immediately to remedy 
this evil, firstly by removing the Government monopoly on the 
Sumatra and the Point-de-Galle investments, secondly by an 
instant supply of bills and lastly by purchasing tobacco ready 
prepared for exportation.’’ 

The Customs returns of 1811 show the following entries: 
Value of total exports of tobacco—3,403 candies 
taken at 60 rds. per candy, exclusive of duties—204,210 
rix-dollars. 

Details of goods exported coastways by Ceylon 
Merchants—610 Candies of Tobacco at 60 rds. per 
candy—36,600 rds. 

Duty paid: 16,471 rds. 3 fanams 2^ pice. 

The export trade of tobacco is now free of duty and the table 
at the end of the paper will be of interest—the value of our 
impO'rts being four million rupees as against half-a-million of 
exports. 

During the last decade the total tobacco area of India has 
been little over one milli6n acres. The principal market for 
Bengal tobacco is Burma. In Southern India tobacco is grown 
and cured to suit the European market and several up-to-date 
factories, now exist. In Ceylon we have one cigarette .factory 
where imported leaf only is used, while in Matale, Teldeniya and 
Kandy, tobacco works have been established where cigars, pipe 
tobacco, etc., are manufactured. 

In Ceylon the two species commonly grown are Nicotiana 
tabacum and N . rustica. Tobacco-growing in Ceylon for over 
two centuries has been chiefly for producing chewing tobacco and 
for the use of it with betel leaf, while the coarser cigars which are 
called Jaffna cheroots have been rolled for nearly a century for 
local use. 

The best soil for tobacco is a light sandy loam rich in potash 
lime and humus, while the plant also flourishes on alluvial soils 
(bn the banks of the Mahaweli Ganga and Deduru-oya). 

A hot humid climate favours the growth and development of 
the special properties, of the plant but a dry season is necessary to 
effect proper harvesting. Thus the season for planting in Jalfha 
is different from the seasons in the North-Western Province and 
on the banks of the Mahaweli Ganga and Dumbara. 



A decade ago it was estimated that tobacco was grown in 
about 13,000 acres in Ceylon, over half of which was in the 
Northern Province. Although Jaffna was undoubtedly respon¬ 
sible for introducing and developing this old industry, a higher 
grade of tobacco is that grown in the Dumbara Valley of the 
Central Province which gradually spread to the Matale District, 
and these varieties spread to the North-Western Province, Batti- 
caloa and Trincomalee districts. The total acreage now under 
cultivation is estimated at 15,000 acres. 

The Dumbara tobacco was the best grade of Ceylon tobacco 
until the introduction of the White Burley in 1912 from America. 
This tobacco burns with a good white ash but is not sufficiently 
suitable in flavour to the European market. Dumbara Valley 
cigars were manufactured and freely sold in Colombo prior to the 
Great War. 

The Jaffna type of tobacco is a very exhausting crop and 
manuring is essential. In Ceylon tobacco is grown generally 
under irrigation either from tanks or very often with the aid of 
well-sweeps. The whole object of the cultivator is a bulky crop 
and the labour put into growing of the crop is astonishing. In 
the Jaffna Peninsula besides cattle manure copious quantities of 
green leaves are used, the land ploughed up and a good tilth 
secured. 

In the Chilaw district of the North-Western Province and in 
the Negombo district the soil of certain lands being suitable were 
utilised for this cultivation. The people of the districts of 
Chilaw, Negombo and Nainamadama have adapted a consider¬ 
able'acreage for raising annual crops of tobacco, sowing in hemp 
seed after the tobacco is taken and ploughing in the hemp leaf to 
replenish the soil. 

It is singularly strange that no reference has been made in 
any of the Ceylon publications during the last thirty years to the 
very lucrative and progressive cultivation of tobacco in the 
Hiriyala Hath Pattu of the North-Western Province. Here a 
very extensive cultivation and trade have been carried on since 
the early ’seventies and today the annual crop in this Hath Pattu 
is estimated at eight to ten laks of rupees and covers 3,500 acres. 

The discovery of a rich vein of plumbago in 1870 led the late 
Mr. Jacob De Mel to pioneer the plumbago industry in that Hath 
Pattu, and for the purpose of establishing some headquarters in 
the Kurunegalle town (which was 18 miles away from the mines 
and 12 miles from the then nearest railway station, Polgaha- 
wela) an old coffee estate was acquired in 1872. This land in 
1874 was opened .out in coconuts and most of the coffee which 
was then dying out was replaced by the planting of seed nuts 
transported from the well-known Pambala estate in Madampe. 
Some of the coconut planting labourers who had migrated from 
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Pamunugama and Marawila made some experimental plantations 
of tobacco in the spaces in between the coconut plants known as 
"coconut squares” with a degree of success; and when later on 
coconut plantations were opened on progressive lines on virgin 
lands, tobacco cultivation was soon established as a catch crop 
during the early years till the young plants grew up. Thus, 
gradually colonies of men who found the demand for tobacco 
increasing migrated from Chilaw and Negombo to the Hiriyala 
Hath Pattu, securetl lands belonging to villagers when estates 
were not available and gradually established the regular growing 
of tobacco. Cattle are tethered at stake or within enclosures on 
plots of land which were cultivated in alternate years with 
tobacco; never have I seen much industry and hard work put in 
by the Sinhalese labourer as they do in these tobacco fields in 
the Hiriyala. For the last 25 years T have watched how the.se 
men dig as much as 18 inches deep right round the gala often two 
or three acres in extent removing every particle of root or foreign 
decaying matter which was not of manurial value, and then pre¬ 
paring the beds both for nur.series as well as for a field for this 
cultivation. Each of these galas must necessarily have a well 
and watering is done by hand; quite a large number of men take 
part in this watering of the plants both morning and evening in 
their early life. The land is manured between August and 
September, while in October, November and December the land 
and beds are prepared, and in six months the crop is ready for 
harvest. Right round the tqbacco plot or gala, as it is called, is 
a fence where vegetables are freely grown; most of these creep 
up on the fence and give the cultivators some return till their 
tobacco farms are harvested and the produce realises cash. This 
cultivation is essentially the monopoly of the small farmer who 
themselves do all the work. 

In about two months of {ilanting the buds will appear and all 
side buds are nipped off, the operation being known as disbud¬ 
ding. Unless these are removed rapidly the vigorous growth of 
the plants and the formation of large healthy leaves are checked. 
The plants grow to a height of 3 to 4 feet and are topped to 
prevent flowering. When the leaves are ripe for cutting, .some¬ 
times plants are cut close to the ground and sometimes the leaves 
are cut day after day separately. After withering for some 
hours in the sun they are carried to a smokehouse or drying 
house (which is made of cadjan) and the tobacco leaves 
allowed to ferment. Those fermented and cured are graded. 
.Sometimes the whole plantation is sold a.s a standing crop and the 
purchaser does the drying and fermenting. There is room for 
improvement in the methods of fermentation as now carried on. 
Wholesale dealers take the leaves away to all parts of Ceylon and 
distribute them among retailers. 
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Since 1912, however, the tobacco farmers from the Dumbara 
Valley who had spread to the Matale district have found a short¬ 
age of land for the growing of the better class tobacco known as 
cigar tobacco, which industry supplies the tobacco works in 
Kandy and Dumbara in turning out local cigars made with better 
class tobacco. These farmers have now migrated to the Hiriyala 
and each of them take on lease three or four acres of virgin land 
where after felling and burning all the stumps and roots of trees 
are eradicated. These farmers do not use cattle manure at all, a 
thinner or finer quality of tobacco leaf, richer in flavour and 
lighter brown in colour is produced. I hus in the Hiriyala Hath 
I’attu, there are two separate and distinct types of tobacco crops 
almost side by side, but with the essential difference that the one 
is grown on the old land with heavy cattle manure, and the other 
invariably grown on rich virgin soil. Of late the Government 
Agent of the North-We.stern Province has leased several acres 
to small farmers, along the banks of the oyas or in such suitable 
areas, on paymient of an annual rent. The Hiriyala chewing 
tobacco forms the principal source of siip[)ly of the tobacco in all 
the provinces save the Nr)rthern and the Eastern, and indeed of 
late the cigar makers of Jaffna inake large jnirchases of cigar 
tobacco which is grown in the Hiriyala Hath Pattu. Quite a 
large export has in recent years taken place from Kurunegala to 
Jaffna by railway for the cigar trade. Indeed the last four years 
the cultivation of tobacco in the Hiriyala Hath Pattu has given 
healthy and very remunerative employment to five or six 
thousand [)eo|>le in this area and unless overcome by exceptional 
rain falling at the wrong time or unexpected rain during the 
drying season this cultivation has affc^rded very fair remunera¬ 
tion, and in some cases exceptionally good profit where the land 
and available water is in abundance. It is, perhaps, interesting 
to note that the landowner gets 1-PHh of the value of the stand¬ 
ing crop which is estimated before the cutting and drying of the 
leaves. Any further profit made after cutting and drying the 
crop enures to the benefit of the purchaser of the crop, who may 
be the farmer himself or an expert dryer. Indeed this industry 
has been so well established that right through the nine months 
during which the tobacco farms work the local boutique-keeper, 
who advances the necessary rice and currystuffs to the farmers 
and their workmen on credit and only recovers his dues when the 
actual tobacco is dried and removed. There may be years in 
which a certain portion of the money is lost by failure of the crop. 
In recent years to the tobacco farmers of lands in Hiriyala belong¬ 
ing to me 1 have besides affording the usual facilities hired 
Abyssinian wells and a few lengths of piping to enable them to 
water their plants regularly with a smaller number of labourers. 
In a plot of six acres where cigar tobacco was planted 180,000 



best qiMaJity leaf at about Rs. 15-00 per 1,000 were sold besides 
grades. The industrious man is always rewarded but he has to 
exercise great vigilance and keep off diseases and pests. 

In July last 1 brought up this subject of tobacco cultivation 
before the Estate Products’ Committee with a view to stimulating 
local interest and ascertaining whether a local cigarette industry 
could not be established to keep a part at least of the 3^ million 
rupees now represented by the imported cigarettes. At present 
Ceylon exports to India, the Straits Settlements and the Maldives 
both tobacco and local cheroots. 

At that meeting considerable interest was created in the 
cultivation of tobacco and I have, as a re.sult, been asked to read 
a paper at the Agricultural Conference today. It was a matter 
of satisfaction to us to know that about 250 cultivators in Jaffna 
produced about 28,000 lb. of White Burley tobacco per annum 
which is exported to London. The reports on these qualities are 
satisfactory and the improvement of good quality tobacco is well 
worth pursuing. Just before the War, Messrs. Freudenberg & 
Co. carried on experiments with tobacco and when their stock of 
matured tobacco was sold in 1915, I purchased it and engaged 
Mr. Valabone, a Dutch tobacco expert who was then in 
Colombo, to roll cigars and a good and profitable business 
followed but we had not sufficient matured tobacco of that quality 
to continue the trade for more than two years. That tobacco 
was raised from seed imported from Java, Sumatra and the East 
Indies. It, however, remains a very useful avenue for young 
students who make science their study, to take up the question of 
planting tobacco under scientific supervision so that the objections 
raised to some of our cigar tobacco can be eliminated while burn¬ 
ing qualities and flavour are retained. It has been reported that 
there was a high chlorine content in the White Burley grown in 
Jaffna and that it was possible to improve quality by (taking 
greater care in the fermentation and also by preventing the 
tobacco being exposed to the sea air too long. I am not advocat¬ 
ing the growing of tobacco for the European market as new 
countries are producing more each year, but I would, in view of 
the enormous amount of money spent by the public oit Ceylon on 
cigars and cigarettes, that tobacco suitable to the European palate 
should be grown in Ceylon for local consumption so that we may 
not only keep capital from going out of the country but that we 
concentrate that capital in the country and create local wealth. 
The ^ excessive chlorides in the Jaffna tobacco are probably 
obtained from the coral sub-soil being brought to the surface soil 
^ring the long periods of drought succeeding the fall of the 
heavy north-east monsoon in October-December. Besides; the 
weH water tis^ for irrigation may also be responsible for a certain 
proportion. There is also the possibility of improving the method 
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of irrigation without destroying the tilth when rainfall has been 
insufficient. One of the chief objects of cultivation is to give the 
plant a loose soil into which the young rootlets can easily and 
quickly penetrate. In transplanting the taproot has to be care¬ 
fully taken care of. Likewise drainage must be arranged for 
otherwise the land will become water-logged, stunt the growth of 
the plants, and make the leaves turn yellow. The tobacco plant 
being a rapid grower requires a large amount of air in the soil for 
the benefit of the roots, the object being to produce fine broad 
leaves with a good flavour, a great deal of care and attention has, 
therefore, to be bestowed. This the average cultivator has 
learned by years of observation and experience, and it is for the 
better educated man to assist his observations with the necessary 
scientific assistance and co-operation, and I feel sure we shall be 
able to improve the growth of tobacco, its fermentation and pre¬ 
paration to secure a better value. The Travancore Government 
which was always one of our regular buyers, as indicated in the 
early part of this paper, now only permits 5,745 candies of Ceylon 
tobacco into Travancore of which 3,000 odd are taken in at 
Quilon and the balance at Allepi. In view of the growing econo¬ 
mic conditions throughout the world which compel us to depend 
on one’s own country for our food and necessaries, it seems a 
fairly hopeful sign that in this field of tobacco Ceylonese have 
every opportunity to acquire wealth. 

We have a bulletin issued by the Department, No, 38 of 
1918 on “Improved methods for growing tobacco in Jaffna” and 
a circular on “Diseases of tobacco in Dumbara” issued so far 
back as 1907; except the Kalutara snail no new pest or disease 
other than those already known have troubled this cultivation. 
In the district of Negombo during the last 15 years chewing 
tobacco is grown on old lands where cinnamon has been uprooted 
and replaced with coconuts. In such lands artificial fertilisers 
are freely u.sed and are remunerative. It is more than a catch 
crop and may be repeated till the palms are about three years old. 

I place before you samples of tobacco, pipe tobacco and 
manufactured tobacco, and would appeal to you to support this 
local industry whenever possible. 

The export and import figures given below are self- 
explanatory. 
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TOBACCO EXPORTS 



1928 

1929 


Lb. 

Rs. 

cts. 

Lb. 

Rs. 

cts, 

Tobacco manufactured 







Beedies 

575 

402 

00 

481 

2,041 

00 

Cigars 

8,072 

6,485 

00 

9,692 

67.844 

00 

Cijsarcttes 

1,2.35 

3,940 

00 

2,193 

17,569 

00 

Other 

86 

282 

00 

7 

14 

00 

Total... 

9.968 

11,109 

00 

1 

12,373 

87,468 

00 


Lb. 

Rs. 

cts. 

Lb. 

Rs. 

cts. 

Tobacco 







unmanufactured 

1.643,441 

390,512 

00 

3,193,567 

572.202 

00 


TOBACCO IMPORTS 



♦ 

1928 


1929 


Lb. 

Rs.« 

Cts. 

Lb. 

Rs. 

cts. 

Tobacco manufactured 







Beedies 

76,895 

382,655 

00 

70,.571 

330,970 

1 00 

Cigars 

6,817 

46,063 

00 

5,853 

42,275 

00 

Cigarettes 

574,277 

3,306,274 

00 

571,185 

3,462.010 

00 

Snuff 

1,285 

4,765 

00 

1,237 

4,866 

00 

Other 

13,375 

58,798 

00 

14,321 

63,985 

00 

Total... 

672,649 

3,798,555 

00 

663,167 

3,904,106 

00 


Lb. 

Rs. 

cts. 

Lb. 

Rs. 

cts.'’ 

Tobacco 







unmanufactured 

115,001 

80,411 

00 

217,495 

, 

140,225 

00 










CLOSE O F CO NFERENCE 

B efore the conclusion of the Agricultural Conference at 
Peradeniya on Wednesday, the Chairman, Sir Solomon 
Dias Bandaranaike, invited the Director of Agriculture, 
Dr. W. Youngman, to offer a fetw closing remarks. 

Dr. Youngman said that they had had during the Conference, 
the elements against them—a difficulty farmers always seemed 
to experience—^but they had had at the same time the help of a 
great many friends. The weather that afternoon, he said, would 
interfere with their intenlded visit to the Experiment Station, 
where he understood there was one foot of water on the road. 
The weather also slightly curtailed their intended shf)rt tour f>f 
the Fi rm School activities the previous day. 

PADDY COMMISSION 

They had had, he repeated, a great many friends with them, 
who had helped them in a very valuable way, especially His 
Excellency the (Governor who had presided over their delibera¬ 
tions during the first two days of the Conference. The interest 
of His Excellency in the agricultural problems of this Island was 
a very real one indeed, said Dr. Ycutnoman. Their thanks are 
also due to the pentlemen who had acted as* Chairmen and vice- 
Chairmen and to those who had read [)aj)ers to them. 

Referring to the opf)osition to a Paddy Commission, 
Dr. Youngman remarked that it was true as Mr. D. S. Senana- 
yake pointed out that a Commission would only issue a report, 
''but,** said Dr. Youngman, ‘'the Board of Agriculture can see 
that action is taken.’' Sir Marcus had pointed out that if all the 
recommendations of the Commission were put into force the 
resources of the Colony would not he sufficient to meet them. It 
was no doubt necessary to concentrate upon a few facts at a time 
and that was another point which the Board c ould see to. They 
wanted early action of practical value to he the result of the 
appointment of a Commission and he had no douht that the 
support of His Excellency, which had already heen promised to 
them, would help to achieve that result so that they would be able 
to say that they had done something towards solving the problems 
of paddy. 

RUBBER AND COCONUT DEPRESSION 

Sir Solomon Dias Bandaranaike said: "His Excellency 
the Governor, in the course of his remarks yesterday, said that 
this Conference might appropriately send a message of sympathy 
to the Rubber and Coconut Industries, and I think it is our duty, 
before we disperse, to formally pass such a resolution. I, there¬ 
fore, propose that 

"This Conference of the Board of Agriculture assembled at 
Peradeniya expresses its deep .sympathy with those who are 
Engaged in the Rubber and Coconut Industries and are 
faced with the difficult times at present existing." 
Hon’ble Mr. E. R. Tambimuttu (vice-Chairman) ^aid that 
he had great pleasure in seconding the resolution. 
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ANIMAL OfSBASB BBTURN #OB ItlB 1I|0N9*H 
ENDED 30th NOVEM^R, 1930 




No. of 



[■■1 



Province, See, 

Disease 

Catetup 
to Date 
since 
Jan. 1st 



Deaths 

Bal- 

anee 

in 

No, 

Shot 



1930 







Kinderpest 

1229 

78 

217 



170 


Foot-and-mouth disease 

262 


252 




Western 

Anthrax 

Piroplasmosis 


H 

... 

H 

|i 



Rabies (Dogs) 



... 

H 

H 



Rinderpest 

.. 

mm 

inM 


M 



Foot-and-mouth disease 

447 

... 

434 

12 


1 

Colombo 

Municipality 

Anthrax 

Haemorrhagic 

Septicaemia 

31 

6 

3 

••• 

31 

6 




Black Quarter 

2 

... 


2 




Bovine Tuberculosis 

1 

... 

... 

1 




Rabies (Dogs) 

11 

... 


... 


11 

Cattle Quarantine 

Kinderpest 

Foot-and-mouth disease 

•• 

... 

... 



... 

Station 

Anthrax 

669* 

17 


669 




;^Shecp and Goats) 








Rinderpest 


mm 

... 


[—■ 



Foot-and-mouth disease 

650 i 


648 


IMB 


Central 

Anthrax (vSheep) 

1 


.UM 

1 

**• 



Piroplasmosis 

4 

WM 

1 

3 




Rabies (Dogs) 

12 

IH 


10 


2 


Rinderpest 

322 

27 

7b 


... 

#«• 

Southern 

Foot-and-mouth disease 
Anthrax 

269 


263 


... 



Rabies (Dogs) 

i 


»». 


... 

1 


Rinderpest 

4 

... 

3 

1 

i 



Foot-and-mouth disease 

2975 


2905 

70 

... 


Northern 

Anthrax 

Black Quarter 

Rabies ('^ogs) 

224 


... 

224 

• •S 



3 



... 

... 

3 

Eastern 

Rindetipest 







Foot-and-mouth disease 
Anthrax 

100 

... 

98 

2 




j 

llRinderpest 

Foot-and-mouth disease 

6795 

962 

392 

5483 

28 

192^ 

1 

135 


135 

... 



North-Western 

Anthrax 

Pleuro-Pnenmonia 


... 

■ 


... 

... 


(in Goats). 

50 

... 

■ 

KB 

... 

... 

North-Central 

Rinderpest 

1336 

573 

66 1 

1145 

17 

108 

Foot-anebmouth disease 

1069 

... 

1045 

24 

... 



Anthrax 

... 







Rinderpest 



■Mil 

■mw 


... 

Uva 

Foot-and-mouth disease 
Anthrax 

72 


72 

WM 

..." 

^ k.. 


Rabies (Dogs) 

*3 

... 

—1 


... 

3 


Rinderpest 

63 


7 

54 

*«• 

2 


Foot-and-mouth disease 

1455 

ten 

1445 

10 

ss* 

... 

Sabaragamuwa 

Anthrax 

Haemorrhagic 

•• 

ses 


... 

... 

... 


Septicaemia 

69 

4 


69 

■ 



Rabies (Dogs) 

141 

... 

... 

4 

— 

10 


• I cate in a i>u£falo~Rest sheep and goats. 11 case—-a calf. 


G* V. S. Omce, 

Colombo, lath December, 1930. G. W, STUEGESS^ 

;GoirernmeDt 


















































METEOROLOCfflCAL REPORT 

NOVEMBER, 1930 


Sltttioii 


Temperature 

"r“ 

/ 

if- 

uce 

3U) 

rage 

Humidity 

j -Vtttount of 

Cloud 


Kainlall 


Mean 

Maximum 

iMi- 

feteace 

from 

Average 

Mean 

Minimum 

D 

fere 

fr 

Avc 

S« 

Q 

- 

ll 

T £ 

js'c 

w- 

: 

Amount 

i 

"c 5? w 

c-ll 

. 


Difference : 

from 1 

Average | 


0 


0 

o 



% 

Jo 


Inches 


Inches 

Colombo 

85'5 


07 

74*4 

+ 

r2 

77 

93 

77 

9*73 

"21 


1*94 

Puttalam 

85*2 


0*4 

74*2 

+ 

1*6 

78 

93 

58 

1575 

15 

+ 

5*18 

Mannar 

85'9 


IT 

76'9 


10 

76 

84 

77 

1 68 

14 


8-52 

laffna 

83*2 


01 

74‘7 

- 

0*2 

82 

93 

68 

14-40 

16 


o-'is 

Trincomalee - 

84*8 

■t 

rs 

747 

+ 

0'3 

78 

90 

5-8 

9 97 

17 

- 

4*21 

Batticaloa 

84'8 

+ 

09 

747 

+ 

r2 

78 

93 

60 

20-91 

M 

+ 

7*47 

Hambantota - 

86*5 

+ 

r2 

73*9 

+ 

03 

76 

93 

4*8 

4-67 

!4 


2*30 

Galle - 

84*1 

+ 

1*0 

74 6 

+ 

05 

80 

93 

66 

12*73 

22 

4- 

r26 

Ratnapura 

A^pura 

88*3 


2*0 

73T 

+ 0*4 

77 i 

93 

60 

10-92 

23 


3-49 

858 

+ 

10 

72*9 

+ 

1*2 

77 ' 

95 

i 7*4 

6*70 

11 

_ 

405 

Kurunegala - 

86-8 

-- 

0*2 

73*1 

+ 

1*2 

75 

90 

77 

8 05 

20 


3*73 

Kandy 

83'4 

+ 

TO 

68*3 

+ 

0'5 

74 

95 

1 6'8 

1001 

.‘20 


0*49 

Badulla 

80T 

+ 

0*9 

66*2 

+ 

1*3 

80 

97 

I 64 

14281 

21 

+ 

3*68 

Diyatalawa - 

75'6 


2 7 

60*6 

+ 

1*0 

87 

94 

i 7-0 

l5-36j 

23 

+ 

5’55 

Hakgala 

69’5 

+ 

0 7 

56*3 

+ 

19 

88 

' 88 

1 5-8 

h7<)J 

25 


2:^\ 

N^Eliya 

69‘2 

+ 

2.3 1 

52*2 

+ 

__ 

2T 

82 

94 

i 7‘5 

1 

6-23 1 

24 

r 

! ■“ 

1 

* 

2*86 


'I'he rainfall of November was largely oi the thundei^^orm type and 
was distributed erratically^ both in the variations between Adjacent" stations 
and those between successive days. 

In every province some stations were below average anej others above 
riie former predominated in all cases except IJva, thou>-|i the uredo- 
minance was not great in Sabaragamuwa and the Western province The 
highest totals for the month were at Udahena (Poonagallaj 3()'39 inches 
which is nearly double the November average at that slatjon, and Black¬ 
wood 33*93. Totals ol over 7 inches in a day were rL(X)rded at Bibile 
Berna (N.VV.I’.), Batricaloa and Bittulu-Ova, while boorcHimadelli -mH 
Hendon recorded totals of over 6 inches. 

A severe storm formed at sea iiboul 300 mile> east of 'rriruornalce on 
the 26th. Fortunately the centre passed nortli of Cevlon, and produced 
but little effect on the Ceylon rainfall, thou^rh effect was v,ell marked 
in the way in which the wind on the west cotst backed from N.F.. throue-h 
N. & W. until on the 29th, when the c'ntrc was near Madras it .n)t 
round to S.W. At Trincomalee, on the nis'l^t of th, 27th, damage was 
done owing: to the sea rising above it< normal level, almost certainK in 
connection with the same storm. 

Temperature, and number of hot s of sunshine were above their res¬ 
pective averages. Curiously enough the humidity and amount of cloud 
were also above average on the yhole. Pressure wak above average 
but the direction of the gradient as les.s northerh' than is usual at this 
time of year. i ' 

I A. J. BAMFORD, 
i Superintendent, Ooservatory. 
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